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GENERAL INTRODUCTION TO THE SERIES. 


Durrne the past few years the civilised world has begun to realise the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. | ! 

In the original scheme, in addition to a detailed account of the 
elements of Group O, the general principles of Inorganic and Physical 
Chemistry were discussed in Volume I. It was later felt, however, that 
this arrangement was hardly satisfactory, and an Introduction to these 
principles is now afforded by my Text-book of Physical Chemistry, 
Volumes I. and IT. (1982-35), whilst in future editions Volume I. of this 
Series will deal with the Inert Gases alone. 

Hydrogen and the ammonium salts are dealt with in Volume IL., 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV., along with 
the elements of Group III., as this was found to be the most suitable 
place for them. 

Many alloys and compounds have an equal claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes II. and V. respectively. Similarly, certain double 
salts—such, for example, as ferrous ammonium sulphate—might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
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under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are detailed in Volume V. along with tin, since copper occurs 
earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The ferrocyanides are likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicals and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in Volume II. But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
are therefore considered in Volume VIII. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross- 
referencing to the texts of the separate volumes, the student will 
experience no difficulty in finding the information he requires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values :— 


Hydrogen = 1-00762. Oxygen = 16-000. 
POduM ==) 22-996. Sulphur = 32-065. 
Potassium = 39-100. Fluorine == -19-015. 
Silver == 107-880. Chlorine = 35-457. 
Carbon = 12-003. Bromine = 79-916. 
Nitrogen = 14-008. Todine’ ==" 126:920— 


By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and, moreover, it 
renders the data for the different elements strictly comparable through- 
out the whole series. 

Since the original scheme was drawn up in 1912, enormous progress 
has been made in all branches of chemistry, and the original intention 
of devoting one book only to each Vertical Group in the Periodic Table 
has had to be abandoned. In several cases it has been necessary to 
devote a whole book to a single element, as, for example, in the cases 
of oxygen, nitrogen, phosphorus and arsenic. Further, a separate 
volume has been devoted to the Metal-Ammines and a comprehensive 
account of the Organometallic Derivatives is given in Volume XI., which 
is being issued in four parts. 

The Editor would draw attention to the unsatisfactory state of the 
nomenclature of organometallic compounds in general. The designa- 
tions of compounds in Volume XI. are those used in the original memoirs, 
since any attempt to alter these in a work of that description would only 
complicate matters. 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and expensive; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
prove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxvill) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is” 
necessary to arrange for a certain amount of uniformity throughout, 
-and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the Authors have 
accommodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin & Co., who have done everything in their power to render the 
work straightforward and easy. 

J. NEWTON FRIEND. 


November 1935. 


PREFACE. 


Tue present work deals with the organometallic derivatives of phos- 
phorus, antimony and bismuth, and it is the first time these compounds 
of phosphorus and bismuth have been reviewed in detail. Some 2,600 
phosphorus derivatives are described in the following pages. The 
antimony section deals with about 700 compounds, whilst the bismuth 
compounds number just over 100. 

The author desires to thank Professor G. T. Morgan, O.B.E., LL.D., 
F.R.S., for reprints and permission to use figs. 1, 3, 4, 5; also the Royal 
Society for permission to reproduce figs. 1 and 3, and the Chemical 
Society figs. 2, 4 and 5; Dr. W. J. Jones for reprints and permission 
to use fig. 2; Professor F. Challenger, D.Sc., for reprints; and Dorothy 
Goddard, M.Sc., for help with the index. 

A. E. GODDARD. 


Se EAT EA. 
GLENFIELD E'ritH DRIVE, 
Gropy RoapD, 
LEICESTER, 
November 1935. 


CONTENTS. 


PAGH 
THE Prriopic TABLE (Frontispiece) ; : ; vi 


GENERAL INTRODUCTION TO THE SERIES é ; ‘ 1x 
PREFACE see ¢ ‘ : E : eons ahi 
List oF ABBREVIATIONS ; : ‘ : . XVvii 


TABLE OF DaTEs oF ISSUE OF JOURNALS 4 ; ie OSE 


CuaptTer I. Aliphatic Phosphorus Compounds ; : 3 


Compounds of the Types RPH,, R,PH, R,P and R,R’P—Compounds of the 
Types R,PO, R,PS, RzPSe—Quaternary Phosphonium Compounds, Mixed 
Quaternary Phosphonium Compounds, Nitrogen-Phosphorus Phosphonium 
Compounds, Phosphonium Compounds containing Two Atoms of Phos- 
phorus—Compounds derived from Action of Hydrogen Phosphide on 
Formaldehyde—Compounds of the Types RPCI, and RP(OH),—Compounds 
of the Types RPO(OH), and R,PO.OH—Phosphorus Compounds derived 
from Aldehydes and Ketones—Condensation Products of Hypophosphorous 
Acid—Alkyl Betaines containing Phosphorus. 


CuapTerR II. Aromatic Phosphines and Phosphonium Com- 
pounds - : : a AT 


Compounds of the Types RPH,, R,PH, R;P: Sub-types Ar,P, ArAr,’P, 
AlkAr,P, Alk,ArP, AlkArAr’P—Compounds of the Type R,PX (Phos- 
phonium Compounds): Sub-types Ar,PX, AlkAr,PX, Alk,Ar,PX, 
AlkAlk’Ar,PX, Alk,ArPX, Alk,Alk’ArPX, AlkAlk’ArAr’PX, Phosphonium 
Compounds containing Aryloxy-groupings, N-Phosphonium Compounds— 
Aryl Phosphorus Betaines and Ketobetaines—Compounds of the Type 
RPX,, Condensation Products obtained from Compounds of the Types 
RPCl,, RPC], and RPOCI,—Compounds of the Types R,PX and RR’PX, 
Condensation Products from Compounds of the Type R,PX—Compounds 
of the Type RPO,—Triarylphosphine Oxides and Sulphides—Mixed Phos- 
phine Oxides and Sulphides—Acids of the Types RP(OH),, RPO(OH), and 
R,PO.OH: Sub-types Ar,PO.OH, ArAr’PO.OH, AlkArPO.OH. 


CuHapTrEeR III. Miscellaneous Phosphorus Compounds pip bri 


Compounds derived from Aldehydes and Ketones: Reaction between PCl, and 
Unsaturated Ketones, Mechanism of Reaction of PCI], with Benzaldehyde, 
1:4 Addition of Phenyldichlorophosphine, Interaction of Phosphorus 
Halides with Distyryl Ketone and Phenyl Cinnamylidene Methyl Ketone, 
Action of PCl, on Saturated Aldehydes and Ketones, Interaction of Di- 
phenylchlorophosphine with Benzaldehyde and Benzalacetophenone, Addi- 
tion of Alkoxy- and Aryloxy-chlorophosphines to Carbonyl Compounds— 
Phosphorus Derivatives of Dimethylaniline—Derivatives of Dibenzy]- 
methane and Hydroxymethylene Camphor—Heterocyclic Rings containing 

XV 


xvi ORGANOMETALLIC COMPOUNDS. 


Phosphorus—Compounds of the Type RP =PR—Phosphinic Acids derived 
from Triarylmethoxyphosphorus Dichlorides—Aliphatic Phosphino-acids 
and their Derivatives—The Thermal Decomposition of Quaternary Phos- 
phonium Hydroxides—Phosphazines, Phosphenemethylene Derivatives and 
Phosphinimines—Cyanurphosphinimines—Phosphorus Derivatives of Thio- 
phene—Phosphorus Compounds of the Carbazole Series—Interaction of 
Benzophenone and Hypophosphorous Acid—Interaction of Aromatic 
Alcohols and Hypophosphorous Acid—Indolylphosphines—Phosphinic Acids 
from some Unsaturated Derivatives—Phosphorus-Arsenic Derivatives. 


CuHapTER [V. Aliphatic Compounds of Antimony 


Compounds of the Types R,Sb and R,SbX,—Quaternary Stibonium Compounds: 
Compounds of the Types Alk,SbX, Alk’Alk,SbX, ArAlk,SbX and 
ArAlk’Alk,SbX—Compounds of the Types RSbX, and R,SbX—Compounds 
of the Type R.Sb.SbRy. 


CHAPTER V. Aromatic Compounds of Antimony 


Compounds of the Type R,Sb: Sub-types Ar,Sb, ArAlk,Sb, Ar, AIkSb—Com- 
pounds of the Types R,SbHal.,, R,Sb(OH)Hal., R,SbO and R,SbX,: Sub- 
types ArAlk,SbHal.,, Ar, AlkSbHal..—Compounds of the Types RSbX, and 
RSbO—Compounds of the Types R,SbX and (R,Sb),0O—Compounds of the 
Types RSbCl, and R,SbCl,—Primary Arylstibinic Acids—Secondary Aryl- 
stibinic Acids — Stibino-compounds — Azo-compounds — Arsinic-Stibinic 
Acids—Azo-dyes containing Antimony—Heterocyclic Compounds contain- 
ing Antimony—Benzenediazonium Chloride-Antimony Chloride Internal 
Complex Salts—Derivative of 1 : 4-Benzisoxazine—Antimony Compounds of 
Quinoline Series—Antimonial Analogues of Carbazole Series—Water-soluble 
Organic Stibinous Compounds—Kstimation of Antimony in Organic 
Compounds. 


CuarprerR VI. Organometallic Derivatives of Bismuth 


General—Aliphatic Compounds of the Types R,Bi, R,BiX and RBiX,—Aromatic 
Compounds of the Types R,Bi, R,BiX, RBiX, and R,BiX,—Heterocyclic 
Systems containing Bismuth—Arsenic-Bismuth Derivatives—Determina- 
tion of Bismuth in Pentavalent Bismuth Compounds. 


Appendix 
Mixed Stibines—Naphthyl Antimony Compounds—Antimonyl d-Tartrates— 

Tri-n-alkylbismuthines—Antimony and Bismuth Thienyl Compounds— 
Antimony Derivatives of 1 : 2-Dimercaptoethane—Distillation of some 
Antimony Derivatives in High Vacua—Miscellaneous Antimony Com- 
pounds. 

NAME INDEX 

SuBJEcT INDEX 


PaTENT INDEX . 


PAGE 


166 


188 


263 — 


289 


294: 
297 
318 


LIST OF CHIEF ABBREVIATIONS EMPLOYED 
IN THE REFERENCES. 


ABBREVIATED TITLE. 


Afhandl. Fys. Kem. 
Amer. Chem. J. . 
Amer: J. Sl. 
Anal. Fis, Quim. 
Analyst 

Annalen 

Ann. Chim. 

Ann, Chim. anal. 


Ann. Chim. Phys. 
Ann, Mines 

Ann. Pharm. 

Ann. Phys. Chem. 
Ann. Physik 

Ann. Physik, Beibl. 
Ann. Sci. Univ. Jassy 


Arbeiten Kaiserl. Gesundherts- 


amie 


Arch, exp. Pathol. Pharmak. 


Arch. Pharm. 

Arch. Sco. phys. nat. 
Atti Acc. Torino . 

Attt R. Accad. Lincet . 
B.A. Reports 


Ber, Akad. Ber. . ; 
Ber. Deut. pharm. Ges. 
Ber. Deut. physikal. Ges. 
Bot. Zeit. . : : 
Bul. Soc. Stiinte Cluj. . 
Bull. Acad. roy. Belg. 


Bull. Acad. Sci. Cracow 


Bull. de Belg. : 
Bull. Sci. Pharmacol 
Bull. Soc. chim. . : 
Bull. Soc. frang. Min. . 
Bull. Soc. min. de France 
“Bull. U.S. Geol. Survey 
Centr. Min. ; . 
Chem. Ind. 

Chem. News ; 
Chem. Weekblad . 
Chem. Zeit. 


Chem. Zentr. ; : 


Compt. rend. 
Crell’s Annalen . 


Dingl. poly. J. 


Via Xie iil, 


JOURNAL, 
Afhandlingat i Fysik, Kemi och Mineralogi. 
American Chemical Journal. 
American Journal of Science. 
Anales de la Sociedad Espajiola Fisica y Quimica. 
The Analyst. 
Justus Liebig’s Annalen der Chemie. 
Annales de Chimie (1719-1815, and 1914+). 

Annales de Chimie analytique appliquée & lIndustrie, a 
l Agriculture, 4 la Pharmacie, et & la Biologie. 
Annales de Chimie et de Physique (Paris) (1816-1913). 

Annales des Mines. 

Annalen der Pharmacie (1832-1839). 
Annalen der Physik und Chemie (1819-1899), 
Annalen der Physik (1799-1818, and 1900+). 
Annalen der Physik, Beiblattes. 

Annales scientifiques de P Université de Jassy. 


Arbeiten aus dem Kaiserlichen Gesundheitsamte. 

Archiv fiir experimentelle Pathologie und Pharmakologie, 

Archiv der Pharmazie. 

Archives des Sciences physique et naturelles, Genéve, 

Atti della Reale Accademia delle Scienze di Torino. 

Atti della Reale Accademia Lincei. 

British Association Reports. 

Berichte der Deutschen chemischen Gesellschaft. 

See Sitzungsber. K. Akad. Wiss. Berlin. 

Berichte der Deutschen pharmazeutischen Gesellschaft. 

Berichte der Deutschen physikalischen Gesellschaft. 

Botanische Zeitung. 

Buletinul Societatei de Stiinte din Cluj. 

Académie royale de Belgique—Bulletin de la Classe des 
Sciences. 

Bulletin international de PAcadémie des Sciences de 
Cracovie. 

Bulletin de la Société chimique Belgique. 

Bulletin des Sciences Pharmacologiques. 

Bulletin de la Société chimique de France. 

Bulletin de la Société francaise de Minéralogie. 

Bulletin de la Société minéralogique de France. 

Bulletins of the United States Geological Survey. 

Centralblatt fiir Mineralogie. 

Die Chemische Industrie. 

Chemical News. 

Chemisch Weekblad. 

Chemiker Zeitung (Céthen). 

Chemisches Zentralblatt. 

Comptes rendus hebdomadaires des Séances de l Académie 
des Sciences (Paris). 

Chemische Annalen fiir die Freunde der Naturlehre, von 
L. Crelle. 

Dingler’s polytechnisches Journal. 

xvii 


XVill 
ABBREVIATED TITLE. 

Drude’s Annalen 

Electroch. Met. Ind. 

Eng. and Min. J. 

Gazzetta . 

Gehlen’s Allg. J. Chem. 

Geol. Mag. ; 

Gilber? s ron 3 

Giorn. di Scienze Naturali a 
Econ. . 

Helv. Chim. Ada ; A 

Int. Zeitsch. Metallographie . 

Jahrb. kk. geol. Reichsanst. 


Jahrb. Miner. 
Jahresber. . . 
Jenaische Zeitsch. 
J. Amer. Chem. Soc. 
Chem. Soc. 
Chim. phys. 

. Gasbeleuchtung 
Geology . ; 
Ind. Hing. Chem. 
Inst. Metals 
Miner. Soc. 


Pharm. Chim. 

. Physical Chem. 
Physique 

prakt, Chem. 

Russ. Phys. Chem. Soc. 


Nal Siak al Spel hal ota hes epalehn Peni oe Owe 


— 


. Soc. Chem. Ind. 
Landw. Jahrb. . 
Mem. Coll. Sci. Kyoto. 


Mém., Paris Acad. 
Monatsh. 


Mon. scient. 

Miinch. Med. W RATT 
Nature 

Nuovo Cim. 

Oesterr. Chem. Zeit. . 
Ofvers. K. Vet.-Akad. Fork. . 


Pfliger’s Archiv . 


Pharm. Post ; 
Pharm. Zentr.-h. . 
Phil. Mag.. 


Phil. Trans. 


Phys. Review. 
Physikal. Zeitsch. 
Pogg. Annalen 


Proc. Chem. Soc. 
Proc. K. Akad. 
Amsterdam . 
Roy. Irish Acad. . : 
Roy. Phil. Soc. eee 
Roy. Soc. 

ran Soc, Edin. , 


Wetensch. 


Proc. 
Proc. 
Proc. 
Proc. 


ORGANOMETALLIC COMPOUNDS. 


JOURNAL. 
Annalen der Physik (1900-1906). 
Electrochemical and Metallurgical Padn ett. 5 
Engineering and Mining Journal. 
Gazzetta chimica italiana. 
Allgemeines Journal der Chemie. 
Geological Magazine. 
Annalen der Physik (1799-1824), 


Giornale di Scienze Naturali ed Economiche. 

Helvetica Chim. Acta, 

Internationale Zeitschrift fiir Metallographie. 

Jahrbuch der kaiserlich-kéniglichen geologischen Reichsan. 
stalt. 

Jahrbuch fiir Mineralogie. 

Jahresbericht titber die Fortschritte der Chemie, 

Jenaische Zeitschrift fiir Naturwissenschaft. 

Journal of the American Chemical Society. 

Journal of the Chemical Society. 

Journal de Chimie physique. 

Journal fiir Gasbeleuchtung. 

Journal of Geology. 

Journal of Industrial and Engineering Chemistry. 

Journal of the Institute of Metals. 

Mineralogical Magazine and Journal of the Mineralogical 
Society. 

Journal de Pharmacie et de Chimie. 

Journal of Physical Chemistry. 

Journal de Physique. 

Journal fiir praktische Chemie. 

Journal of the Physical and Chemical Society of Russia 
(Petrograd). 

Journal of the Society of Chemical Industry. 

Landwirtschaftiiche Jahrbiicher. 

Memoirs of the College of Science, Ky6t6 Imperial 
University. 

Mémoirs présentés par divers savants & l’Académie de 
Sciences de l Institut de France. 

Monatshefte fiir Chemie und verwandte Theile anderer 
Wissenschaften. 

Moniteur scientifique. 

Minchener Medizinische Wochenschrift. 

Nature. 

Il nuovo Cimento. 

Oesterreichische Chemiker-Zeitung. 

Ofversigt af Kongliga Vetenskaps-Akademiens Férhand- 
lingar. 

Archiv fiir die gesammte Physiologie des Menschen und 
der Thiere. 

Pharmazeutische Post. 

Pharmazeutische Zentralhalle. 

Philosophical Magazine (The London, Edinburgh, and 
Dublin). 

Philosophical Transactions of the Royal Society of 
London. 

Physical Review. 

Physikalische Zeitschrift. 

Poggendorff’s Annalen der Physik und Chemie (1824- 
1877). 

Proceedings of the Chemical Society. 

Koninklijke Akademie van Wetenschappen te Amsterdam 
Proceedings (English Version). 

Proceedings of the Royal Irish Academy. 

Proceedings of the Royal Philosophical Society of Glasgow. 

Proceedings of the Royal Society of London. 

Proceedings of the Royal Society of Edinburgh. 


LIST OF CHIEF ABBREVIATIONS. 


ABBREVIATED TITLE. 
Rec. Trav. chim. 


Roy. Inst. Reports 

Schweiggers J. . 

Sci. Proc. Roy. Dubl. Soe. 

Sitzungsber. K. Akad. Wiss. 
Berlin. 

Sitzungsber. K. Akad. Wiss. 
Wien . : 

Techn. Jahresber, 


Trans. Amer. Electrochem. Soc. 

Trans. Chem. Soc. : 

Trans, Inst. Min. Eng. A 

Trav. et Mém. du Bureau 
intern, des Poids et Mes. 

Verh. Ges. deut. N ee 
Aerzte. 

Wied. Annalen 


Wissenschafil. Abhandl. pha Es - 
tech. Reichsanst. 

Zeitsch. anal. Chem. 

Zeitsch. angew. Chem. . 

Zeitsch. anorg. Chem. 

Zettsch. Chem. . . 

Zeitsch. Chem. Ind. Kolloide ‘ 


Zeitsch. 
Zeitsch. 
Zeitsch. 


Picci ochon: 
Kryst. Min. 
Nahr. Genuss-m. 
Zeitsch. physikal. Chem. 


Zettsch. 
Zeitsch. 


physiol. Chem. 
wiss. Photochem. 


xix 
JOURNAL. 


Recueil des Travaux chimiques des Pay-Bas et de la 
Belgique. 

Reports of the Royal Institution. 

Journal fiir Chemie und Physik. 

Scientific Proceedings of the Royal Dublin Society. 

Sitzungsberichte der K6niglich-Preussischen Akademie de 
Wissenschaften zu Berlin. 

Sitzungsberichte der Kdéniglich-Bayerischen Akademie 
der Wissenschaften zu Wien. 

Jahresbericht tber die Leistungen der 
Technologie. 

Transactions of the American Electrochemical Society. 

Transactions of the Chemical Society. 

Transactions of the Institution of Mining Engineers. 

Travaux et Mémoires du Bureau International des Poids 
et Mesures. 

Verhandlung der Gesellschaft deutscher Naturforscher und 
Aerzte. 

Wiedemann’s Annalen der Physik und Chemie (1877- 
1899). 

Wissenschaftliche Abhandlungen der physikalisch-tech- 
nischen Reichsanstalt. 

Zeitschrift fiir analytische Chemie. 

Zeitschrift fir angewandte Chemie. 

Zeitschrift fir anorganische Chemie. 

Kritische Zeitschrift fiir Chemie. 

Zeitschrift fiir Chemie und Industrie des Kolloide (con- 
tinued as Kolloid-Zeitschrift). 

Zeitschrift fiir Elektrochemie. 

Zeitschrift fiir Krystallographie und Mineralogie. 

Zeitschrift fiir Untersuchung der Nahrungs- und Genuss: 
mittel. 

Zeitschrift fiir physikalische Chemie, Stéchiometrie und 
Verwandtschaftslehre: 

Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. 

Zeitschrift fiir wissenschaftliche Photographie, Photo- 
physik, und Photochemie. 


Chemischen 


TABLE OF DATES OF ISSUE OF JOURNALS. 


For the sake of easy reference, a list is appended of the more 
important journals in chronological order, giving the dates of issue of 
their corresponding series and volumes. In certain cases the volumes 
have appeared with considerable irregularity; in others it has occa- 
sionally happened that volumes begun in one calendar year have 
extended into the next year, even when this has not been the general 
habit of the series. 'To complicate matters still further, the title-pages 
in some of these latter volumes bear the later date—a most illogical 
procedure. In such cases the volume number appears in the accom- 
panying columns opposite both years. In a short summary of this kind 
it is impossible to give full details in each case, but the foregoing 
remarks will serve to explain several apparent anomalies. 


A ee A ris Pee E Phil. | Phil re 
mer. by nn. ae On ,* ae! 38 Mf aus to's 
oe J. Sci. cA Min. 42 ae = 5 as Mag. | Trans. 28 
4 a <, 
PeOOr ere | (LY B2—B6 1 > sas ch Pearle. e%. 5-8 | 90 
ipa le sk ke, 36-30) ve. i gle ey bok URN Ena See Ol 
ee 5 AGAR sh. oe, Oe eae ata a me OD 
Sabet EEN SO ie ive ble ee 4-17 wie 08 
Ea AS mle ue ay: ae fe 16—18 0.02 | A7-208). 704 
BS0B. os. coo | eae ae acer Mee LOS OT ot 2098.5) 6 95 
ll ogee 56-60 ae o. we Peer OOD Ai ye) gest 08 06 S|. 06 
eee, s:. ey ¢ aaa os ar oho ican te 0-0) * 07 
SMe. 6bs6844 ne 7, He (OS? 80 ee 120-3241. 98 
Orie: ey Da ieee x Pe aol soa(l) 1? o8,-34-|- 0-98 
Bator is Lx VETO oO, ee Wee. Fads6 oe Ob 3b-36-|.* 100 
ul ar 77-80 A on woe bOdoe St ob OSs ie LOL 
DON, BIER at es 3: Pe RAO 42 te 89 405 108 
dank ox: Soe eh eS a wie EASe4b ew be) 41-42) 108 
ray. 602-99) 9. Be ieee 46248 |) 60-49, 44 12.104 
‘Voy bon ae 93-96 | st. a .. (49-51 ((2)1. | 45,46 | 105 
fee 1 (2)01-3 7 oy Reh 5 OL baie Doeta 7s 28e)2 106 
WS 4-6 32 ae PR OBLOT I 18.1449, D0: |, 107 
Sls Fh... 7-9 3 - ese oO nee fe 1,52.|- “108 
19 | (1)1 £0=12 4 . 6i-630 be) 53,04 |) 109 
PepOuio <2 13-15 5 1-3) 464-66) . 62.) 55,'56.\:,-110 
21 3 16-18 6 46) 67269 eu3 7) 21 057, 081. 111 
292 | 4,5 19-21 7 Pee ep eua 0-7 oe Sy 159,60) | 112 
7a aaa 29-94 8 5-66 1021217927540 9) 61,62.) 113 i 
Oi 7 8 25-27 9 Telos 1 eon) 10 | 68,64 4° 114 1,8 
1825 | 9 De s0lO itd | 16-18 ro | 11 65, 66 | 115 3-5 
26 | 10, 11 31-33 | 12, 18 |15-19]19-22'3 S| 12 | 67,68 | 116 6-8 
a7 | 12 | 84-86 |(2)1,2 |20-23/23-26).8 © 8| 13 ((2)1, 2 17 9-11 
28 | 13, 14 S7ES Cie 34 24-96 | 27-a0e gn a). 14 3, 4 1S. 19<04 
99 | 15, 16 DAS 5, 6 97580 (81-34 1s" 4-15 5, 6 1192 “PY5=17 


* First series known as Bulletin de Pharmacie. 
>. Fil 


ORGANOMETALLIC COMPOUNDS. 


xXxXi11 


‘(Ayavok “JOA 0U0) BIGI-LI6T ‘6-1 “S[OA ‘¢ sottag 


8E-VE 
8-86 
LE-EG 
6c-61 
SI-ST 


TInGt 
LisOs 
6 ‘8 
1 ‘9 
Gg ‘Pp 


€ 


OTM ESTA 
“PEAY got 
‘1aqssunzyIg 


GL ah OL 6 S0t-00T | POPE 4ST 21 g 81-91 
al 6 |GOI-SOT| SPL | OT ‘ST SG G17Sl 
OL BreOreOO Lb ae be Olo=| beh. SL OL 
6 8 66-26. | 9FL-| GL IT FI GOL 
8 dL 96-76 | SPL | OT ‘6 ee B92 Fo 
jl L292} S6-16 “1 FF 1 ey S010 
9 "| 96-88 | SFI 9 ‘g uP aOR eG 
g Ae AGR UES PL y ‘g ae eee 
v g PO=COR OLE. Gb Pls.) FOSS 
g ot Coosa ter Ei onee: Of ee eGR 
GO Noe CPO h | Cena Cee Pe SF A 8P-9F 
Ge a ae SST a Cena ae eh ne 4 2 
I AAO GL=02 4 CEST Ee 08 Sa PG P=OP 
ca ee BOLO Get i266 8S OP eGeaLe 
ri beh DOPEO we Gebel La. OG SA Os Rai reece 
i: een -COTLG “VSL wi Geers TPC GH Te 
ie i OO=8G TAREE 1-02 “Ae ee 08-8Z 
Fe eo AOKOG SOC eT cl Te “Og pee Nah aGe 
i eet PG-ege hetoT 1 6L et ES Paar Wd 
=e OU GZ6P OS bo LE OF a OHOL 
ee i Sh -Op A UGGL | GT “PT esse LOL 
0 Dee AUPE Greny CGiLe are Ck Baas Gert 
ae g GPOR eh LoL eli OL pene Se Bary 
ae ge tt Beaker OGL 6 68 on 6-2 
a HOWE PSs GST 1 ‘9 ald 9- 
ae ae SEC ACS EL PGE G ‘h a Gay 
are j OGLE | S61 g °% at te 
om I OTN TAS GORA: (eh MCSD is ag fo eae 
eee eee 8-1G DAE OL ‘6 eee ceo 
coe eee OZ-8I O21 g Ay. eee eee 
ae as) ‘meTeuUuy |" “3 . ee 
up|. foxy | dk Y SUESL |e. SO Na eels -yead 
f | -oorg Od) Wado): UN sl BOW ao. 


9¢ 
VE 
GE 
0€ 
8G 


| 9% 
1G 
Be 
0% 
ST 


oF 
vI 
6L 
OT 

8 


‘gg 
“ee 
‘TE 
‘63 
1G 


‘GG 
‘83 
“Le 
‘61 
gat 


‘eT 
‘SL 


PSI-IGL | 6h ‘8h | I |00I-L6 
OGI-LFL | Lb ‘9H | T 96-6 
OPI-EFL | Gh ‘FP | °° | 36-68 
GPI-6SL | SP ‘SP “s 88-Gg 
SEL—GEL | Tk -OP |: | P8182 
PEIFIST -\:68 (8S 27 OSSEe 
OS 1-2S le hee 08. | se Ghee? 
OGI-cGl tl GS Pec & anol 60 
COL=OLL ee: Geek oo 4 | eoned 
STI=ol Lies OG = 41 e910 
FILLET eon Sea. a 0oe re 
OUTEZOT PLGL0G ee OSE 
OOLG0TS| SGSFG-le-— CS ser 
ZOLRCG | 26566 1 oS eeee 
86-0671 16-0Ge lee ot RPSEP 
76-16, <6 SL. 2 hors 
6-18 21.2 Ol Se aimee 3 
98369 1 Clear ii ius 4 Ccebc 
COOLS CEA eee ROSS 
PA ei ee Non @ Cat Gy tame a aia) 8 
sD heal U4 6 ‘8 ee OS SEL 
01-19 L39 oa Ore 
99-89 G ‘fF Se ao es 
69-64 eS te 8-g 
gg-4g T EP EAS) 
PS-1¢ me "09-8? 
0S-8F se werd PEPE 
L¥-8h eg a CF Or 
GP-6E rh "** | 6g-GE 
8g-GE S i le peate 
‘p ‘Ajod | ‘pues “poy | EET 
*‘1SUl . "UO 
jouiq | 4ydut0g mq yory 


LG-Gq 
VS-GG 
TS-6P 
8v—-9P 
Gb-éP 


6v-0V 
68-LE 
9E-FE 
SE-1Lé 
0&-86 


LOGE 
VE-GG 
Ié-61 
SL-9r 
Siest 


6LI-60T 
80L-SOT 
POL-LOT 
OOL-L6 
96-6 


66-68 
88-48 
vs-I8 
08-22 
91-82 


61-69 
89-G9 
y9-T9 
09524 
99-¢ 


6G-6P 
8h-GP 
vY-TP 
OP-LE 
98-E€S 


GS-66 
86—-G6 
VG-1@ 
0Z-LT 
lect 


rH 1) > 


le 
8= 
v= 


eee 


“UsTRUNY 


Se 16 
9% ‘GZ 
To. 6G 
aa te 
02 ‘61 


oe Be 
9T “GI 
PL ‘SL 
Ghee 
OL ‘6 


‘LOULW 


‘ OLGI-L881L ‘F2-1 "S[OA ‘p SOMES + 988T-TL8I1 ‘9I-L ‘S[OA ‘g sat1ag :settag Aq 04 peltejol Uso , 


6g 
eg 
LG 
9g 
SSSI 


va 
6G 
6G 
Tg 
OST 


67 
8P 
LY 
9F 
SPST 


VY 
&P 
GP 
I? 
OrsT 


68 
8& 
LE 
98 
Gé8I 


ve 
SE 
6S 
Tg 
Ost 


"IV0X 


XXIII 


TABLE OF DATES OF ISSUE OF JOURNALS. 


” 


WI <H tc co 
moana 


ZAM) 
0G ‘“6P 
Sb ‘LP 
OP ‘CP 
PP ‘SP 


ZP ‘LP 
OF ‘68 
ge ‘18 
9g ‘Gg 
PE ‘Bg 


GE ‘TS 
08 ‘6% 
86.26 
9% ‘GS 
ramaty 4 


GE 1G 
02 ‘61 
ST ‘LT 
ObG1 
PL ‘ST 


Gilat 
OL 6 
ey 
G 
g 


"UITYO 
OR PE 


090 “eg °Z ‘T (G) SB WoqqIIM OSTY “IoYJos0} Z PUR T SoLIeg SuluIOr 


6G 
1G 
0G 
61 
8T 


of 
wnt 
GT 
VI 
él 


él 
IT 
OT 


CO SHAD (© Pe COO 


“10 


LOG 
966 
GGG 
VEG 
S66 


GGG 
12% 
03% 

61Z ‘81S 

LIS 91% 


GZ ‘PIS 
tea Cs 
L1G? OLS 
60% ‘80% 
106 ‘902 


G0Z ‘F0% 
G0S-L0% 


x 106 ‘OST-6PT. 


SPI-SFL 
PVI-IVT 


OVI-LET 
9ET-EEl 
6Sl-66L 
86I-GZL 
VoI-LéL 


OGI-LIT 
9TI-€TT 
6LI-60L 
SOI-SOL 
vOT-LOL 


“ULIeY 
"YoLy 


Sle Ok 
fizel 
6L-OL 
6-2 
o-? 


8-1 (9) 
0€-8Z 
LEGS 
16-6G 
1-61 


8I-9L 

GI-€T 

éL-OL 
6-Z 
9-7 


$-T (¢) 
08-82 
LO-9G 
PE-GG 
12-61 


8I-9I 

GI-éI 

6L-OL 
6-L 
9-7 


e-1 (PF) 
69-19 
99-179 
g9-19 
09-8¢ 


‘sq 


“WYO 
‘UUY 


‘tddng 
uo[euUy 


GG-0S% PL 8g ‘18 
6PS-EFZ SI 9§ ‘Gg 
SVO-LES al FS ‘SE 
9EZ-SLS jig ZS ‘Ig 
L8G-L6z OL 08 “62 
9B-BEG 6 OG 2% 
1ZZ-91Z 8 9% ‘GZ 
GIG=LIG. 1 PG 8S 
OLZ-90% 9 Lacan 
C0Z-00z G 02 ‘61 
661-61 17 SE. LT 
P61-061 g QL ‘GT 
68I-F8L Sj PI ‘ST 
S8I-O8I I PAA 
6LI-ELT te OL ‘6 
PLI-TLI a Rew 
OLI-G9T tie 9 ‘g 
POI-L9L os yg 
O9I-LST ee Gece) 
9GI-8T oa 0G ‘6P 
ZG1-6F1 et Qh ‘LF 
SPI-GFI far OF ‘GP 
PrI-IPL en PP ‘S 
OFI-LEI ph ZY ‘LP 
981-Sel ee OF ‘6S 
ZEL-661 ay ge ‘18 
SZ1I-GsI a 9g “eg 
PGL-16L ee rs ‘SE 
0G Lia oe ‘LS 
9LI-SIL we 0S ‘6% 
keene cet | ‘TOS “f 
uo[vuuy |‘qysd[euy TotUy 


S88T 


O88T 


QL 


GL8T 


OL8T 


c98st 


ORGANOMETALLIC COMPOUNDS. 


Xxiv 


OCS 1 Th OP. 68 1. Pe. Se 
9% ‘Ga | 6g ‘8e “LE | Ze ‘TS 
Veo es ¢ ‘98 ‘ce} 08 ‘62 
GaGa SOS. Ss 8% 
OSc61s-.| S2uZs 1 1G 
ShoLte hts 08 66 9Z 
Oe GE IGS. 58S 2 GZ 
Pins lo 9G: Ss VG 
Cle tl |e 7% 60 = 86 
OL ‘6 OCR EG 1G GS 
Sirs 1G: 06-61 (thé 
9 ‘g GEes ELT 0% 
vy < ET “OT sSt 61 
SEG) Gl FL SL ST 
OG6P Leiesl kt ET 
gr ‘1b | II ‘OT ‘6 9T 
OF ‘Gh 6-852 GL 
PP ‘SP 1 ‘9 ‘g ial 
SP ‘LP Ce ST 
OF ‘6g Ca ol 
8g “18 I II 
9g “Gg oe OL 
PS ‘EE pes 6 
Ze “Te 8 
08 ‘6% at Z 
8S ‘12 ss 9 
96 ‘GZ aa g 
1G er, eee eee 
GG Te eee eee 
02 ‘61 ay 7 
; : ‘ “4U9STOS 
Se Td | MEN | hor 


“YSyVUuoy 


AN OO Hig © tr 


OF “68 
gg ‘18 
98 ‘Gg 
PE ‘EE 
Go «1S 


08 ‘6% 
8G ‘16 
9% “GZ 
PS ‘8% 
Zama 


02 ‘6I 


(3) 


80L-90T 

GOT-S0L 

G6OT-O0T 
66-26 
96-76 


€6-16 
06-88 
18-48 
V8-G8 
T8-62 


“ULE () 


0c ‘61 
ST “21 
9L ‘ST 
rL ‘SI 
ames! 


Oo 


"11xx ‘d ‘940UJO0J 900 y 


(7) 


“Rid “Ph Wivys FL 


"009 
GUL Oye 


‘00G 
Briere) 
“IOWY ‘f 


6L PLZ-ILZ | GOL ‘SOT 
SI 012-296 | LOT ‘90L 
va 99Z-89% | GOL ‘FOL 
91 Z9Z-6G6 | SOI ‘GOL 
GI 8G-GGz | IOL ‘OOT 
al FGZ-L&S 66 ‘86 
gL OGZ-LES 16 ‘96 
ral 9FZ-EPS G6 ‘F6 
LT GPG-6kG €6 ‘36 
OL 8EZ-Gks 16 ‘06 
6 PES-1ES 68 ‘88 
8 0S3-LZ% 18 ‘98 
1 9ZS-EBS Gg ‘F8 
9 ZGC-6LZG e8 ‘G8 
g SIS-G1Z 18 ‘08 
v PISZ-LI1Z 64 ‘8 
g 01Z-L06 ARSE) 
j 90Z-80G GL ‘PL 
I Z0G-66L CLOSL 
oa 861-61 12°02 
ve P6L-I61 69 ‘89 
os 061-L8T 19 *99 
oe 98I-S8T G9 ‘F9 
pap ZSI-6LT €9 ‘Z9 
oe SLI-GLT 19 ‘09 
s PLI=ILE 6g ‘8G 
es OLI-L9T 1g ‘9G 
i 991-91 Gg ‘Pg 
ee Z9I-6E1 EG ‘ZG 
ao SSI-E¢I 1g ‘0G 
: “pe ‘Ajod ‘puol 
YJ OZZBL) Sug 4dun0g 


"189 


XXV 


TABLE OF DATES OF ISSUE OF JOURNALS. 


rs Gt Z 
re GE VL er I 
I CLecl rai 
eee ZL Ley eee 
cee EE OT eee 
« OL ‘6 *9 eee 
oor ) of coo 
eee 1 ‘9 eee 
eee 9 ‘¢ eoe 
eee G ‘5 eee 
eee F ‘¢e eee 
eee g Bd eee 
eee G of eee 


aR tS) “OL IS 
‘yeyqishyd | ‘qyskry | ‘mosue 


“Yosqlez | ‘yoszlez | ‘yos}IEZ 


"aD 


*‘[eue 
"Yoszlo7, 


PG ‘Eg 
ZG TS 


0S ‘6F 
SP ‘LP 
QF ‘GP 
PP ‘Sh 
Zh-6E 


“Pot 


“UTM “SST AA 
sPBALV co 
“‘LEqssunZ UG 


eee Te) 
“ABIL, 


‘O0%] 


‘00g “WYO 
"p.Se 
ponuryu0g 
vI 
eal 


LY ‘9b ‘GP 
Gr ‘FP ‘Sh 
Cy CP 
IP ‘OF 
6g ‘88 


ge ‘28 ‘9g 

9g “Gg ‘PE 
PS ‘Se 

ge ‘Ze ‘TE 
Ie ‘og 


OG. 6Go Sz 
SZ LG 
9% ‘GZ 
GS ‘FS 
to ac 


8S ‘ZS 
ZENG 
13 ‘0Z 
0% ‘6L 
6L ‘SI 


HE wAE 

LI ‘9L 

OT ‘GT 
Cl 
rL 


eT 
ewe 
Gio EL 
IL 
LE Or 


‘009 “ULE 
“p -qreng) 


‘009 
“LOY 
‘O01g 


009 


ache) 
"001g 


‘UeTeUuuy 
DoE SS 
penuryu09 
O9T 
6S1-ZLET 
9ST-FS1 


€SI-IGT 
OST-8FI 
LVI-GPL 
VVI-eFl 
IvT-6é1 


SéI-9EL 
Gel-€é1 
G§L-0€T 
6G1-LEL 
921-VEl 


SoI-16L 
OZI-8IT 
ZLISore 
VIT-G4IT 
TLI-6or 


‘me[BuUuy 
‘D00g 


OST 68 
611 88 
CLESV ina 
Let. 98 
QT G8sl 
CLT v8 
PLT gg 
SLT 28 
SLT 18 
ILI O88T 
O4T 6) 
69L ‘89L 82 
L191 LL 
99T 9) 
GOL GL8T 
POL bl 
SOT el 
Z9L A 
L9T IZ 
09T OL81 
6ST 69 
Sc 89 
LST 19 
9SI 99 
GGI GOST 
PSI £9 
SGT gg 
2G1 29 
It 19 
OSI O98T 
*‘SUBLL : 
aCe 189 


ORGANOMETALLIC COMPOUNDS. . 


¢ 


69L ‘89T 
LOT ‘991 
GOL ‘FOL 
€9L ‘ZOT 
LOT ‘O9T 


6S ‘SGT 
LST ‘9GT 
GGT ‘PSL 
SGI ‘SST 
ISL ‘OST 


6PL ‘SPL 
LVL ‘OFT 
GPL ‘FPL 
GPL CTL 
IPL ‘OFT 


6&L ‘8ST 
LET ‘9ST 
GST ‘PSL 
GeT cel 
T&L ‘OST 


6ZL ‘82 
LZL ‘9Z1 
GZL ‘PSI 
PO Gok 
1G OGL 


6IL ‘SII 
LIT “9iI 
GIL ‘PII 
CLIivolt 
TE OL 


SP 
Gv 
Iv 
OV 
68 


SE 
L§ 
9¢ 
GE 
VE 


SS 
6& 
Ig 
O& 
6G 


8G 
Lo 
96 
GG 
vG 


&G 
GG 
1G 


© 


xXXV1 


‘puss 
‘4du109 


6LL ‘SIL ZG oS as Se bP Sb ‘LP 
LAN. 1g = ie iS SP QP ‘GP 
oll “SLT 0¢ aS ie a GP PP ‘SP 
PLL. Cue 6h joe : He I? BP ‘LP 
abedge Sy ca ae ZS OF OF ‘6g 
OLT ‘60T LP 9 ‘¢ es a 68 ge ‘18 
SOL ‘201 9F pr ‘g 0-8% | LOP-S6E 8g 9g ‘Ge 
90 ‘GOT GY GLC) LOH 8S is PEE -O8E ks rE ‘ge 
FOL ‘SOT bP 02 ‘6I V2-Ge | G8S-Sl1e 9g SE ‘TS 
ZOL ‘TOL eh RAI IZ-61I | LL8-GLE Ge 0€ ‘62 
OOL ‘66 GP QL ‘ST ST-91_ | TZe-F9¢ vg SE." 12 
86 ‘L6 LI? PL ‘ST GI-SI | e9s-8ge eg 9% ‘GZ 
96 ‘6 OP Cle ut ZI-OL | 298-198 ‘a9 PG ‘8S 
¥6 ‘86 68 OL ‘6 G=L OG&-PPS Ig GEIS 
Z6 ‘16 8g Say) 9-F ShE-8SE 0g 02 ‘61 
06 “68 Lg 9 ‘g €-T (8) | 2ee-088 6% SI ‘AT 
88 ‘18 9¢ uae 08-82 | 628-9ZE 8% OL ‘ST 
98 “Gg GE Z LOL) te L6-SS. |. eSE-068 1G FL ‘SI 
$8 ‘Sg rg 02 ‘61 6-66 4 GIS-FIE 9% Gi “Ut 
68 ‘I8 ee SL L1-s-Iesebk |i STEs01S GZ OL 6 
08 ‘64 GS QL ‘ST SI-9L | 608-08 ¥Z g ‘L 
Sr tD 1g FL ‘St GI-EL | §08-66Z 8S 9 ‘Gg 
91 ‘GL 0g SEL SI-OL | 862-F6Z ZG a 
PL ‘Sl 6% OL ‘6 6-1 266-686 1Z Gay) 
BENG 8Z 8°, 9-F 88Z-F8S 0Z 0¢ ‘6h 
02 ‘69 LG 9 ‘G @-T (4) | 886-823 61 Sh ‘LP 
89 ‘19 9G pS OSC ie LLGeGLe ST OF ‘GF 
99 *g9 GZ ZB AAG} PL 678G. Leah 9G jan bY ‘SF 
£9 ‘89 0G 03 ‘61 PS—6G) 19967192 OL GP ‘IP 
29 ‘19 &7, Sheet IZ-6L | 092-996 GI OF ‘68 
so NI ; ag ea ae aetna 
“may LIq “aduy wiyd us[euuy |IsA[VUuy “Tow 


‘uuy 


posed 
ery 


-eorlqud 
0G ‘6F 
SPF ‘LF 
OF ‘GP 
PF ‘SP 


GP “LP 
OF ‘6g 
8g ‘18 
9g ‘Ge 
Pe ‘SE 


Ze ‘TS 
0 ‘6 
8% ‘1 
9% ‘GZ 
0G ‘SZ 


GB “IG 
02 
61 
ST 
LT 


9T 
ST 
VI 
éT 
a 


xxvll 


TABLE OF DATES OF ISSUE OF JOURNALS. 


‘1Ixx ‘d ‘9}0UY00} 90g , 


POL-ZOL 98 OF ge 
ZO1-00T Gs 6g Lg 
OOL ‘66 ‘86 >8 8g 9g 
86 “16 ‘96 gg 1g g¢ 
96 ‘G6 “F6 Z8 9g ins 
~6 ‘86 ‘Z6| 18 ‘08 Gg gg 
36 ‘16 ‘06| 6L ‘82 Zs ZE 
06 ‘68 ‘88 | LL ‘92 ge 1g 
88-8 GL ‘PL ZE 0g 
G8-Z8 Sh GL 1g 6% 
GS-62 EPO! 0g 8% 
61 ‘8L ‘11 | 69 “89 6G 1G 
LE OLS GP VEL 99 8% 9% 
ef “71 “Ss | oo “79 LG GS 
CPi CP EL 1. CONGO 9% VG 
TZ ‘ol ‘69 | 19 ‘09 GZ eS 
69 ‘89 ‘19 6g £% GG 
19 ‘99 ‘cg gg 8% IZ 
G9 ‘P9 “e9 LG Go 0% 
89 ‘29 ‘19 | 9¢ ‘Ge IZ 61 
L9 ‘09 ‘6G | #¢ ‘EG 02 ST 
6S ‘8g ‘1G | a¢ ‘I¢ 61 ai 
1g ‘9g ‘Gg | OG ‘6r ST OT 
cg ‘pg ‘ec | SP ‘LP LT GI 
CG°ZG “1¢ (|. 9F GP 9T rI 
I¢ ‘0G ‘6% | FF “Sh GT ST 
6P ‘Rb ‘Lb | SP ‘IP a al 
Ly ‘Ob ‘Gh | OF “68S ST hl 
Gp ‘bh ‘Sh | BS ‘LS Gk OL 
ep. eh) Lh is9e cs Il 6 
: "JUOTOS |, é een 

o1N18 NT cae yspzeuoyy | “WMoTO 

. x UOT 00g “f 


8P 
LY 


9P 
GV 
vv 
SP 
Gv 


ig 
Ov 
6& 
8& 
Lg 


9€ 
Gs 
VE 
&& 
GE 


Ig 
08 
66 
86 
KG 


9G 
GG 
VG 
&@ 
GG 


"009 
"may 
‘shud 

‘ssny “¢ 


OOL ‘66 16 0@ ‘61 ay OT LGiL IF 6F si 
86 ‘16 GG SL ‘LL OL PLL ‘S11 OF 8h he 
96 “G6 IZ OL ‘GT 6 queesi 68 Lt = 
£6 ‘86 03 PL St 8 OLL ‘60 gg OF a 
Z6 ‘16 61 61 it us 80L “Z0T 1g CF Sty 
06 68 ST OL ‘6 9 901 ‘COL 9¢ FP 66S 
88 ‘18 rt oo g POL ‘SOL Gg ep 8ZE 
98 “Gg 91 9 ‘G 17 ZOte LOL 25 oP 1S 
PS ‘E8 GT Pe g OOL ‘66 eg IF 9& 
28 ‘18 vL oT) g 86 ‘16 ZS OF GE 
08 ‘64 SI 08 ‘6Z I 96 *G6 Ig 68 Vos 
SL ‘LL GL BELG oo 76 ‘$6 0g gg SE 
91 ‘GL ae 9% ‘GZ ae Z6 ‘16 6G Lg ZGS 
¥L CL OL Go GE ni 06 ‘68 8S 98 1Z$ 
CLT, 6 ZE*1G a 88 ‘78 Ke cg 0z 
OL “69 8 0G. 6T - 98 ‘Gg 9Z rE 61g 
89 “19 ji SIU LT bad PS “88 GS gg STs 
99 “Gg 9 QL ‘ST a Z8 ‘18 VG GE L418 
79 ‘S9 G PL ‘ST “et 08 ‘62 8G 1g 9Ts 
oY ‘19 7 GEE Le a oy aN GS 08 GI 
09 “64 a OL 6 a 91 “G) 1Z 6G PIS-ILS 
8g ‘1g eye ee 71 ‘SL 06 8S OLS-L0e 
9g ‘G¢ es 9 ‘G ie Ana 6 1% 908-08 
Pg ‘Sg ae 7-8 ee 04 ‘69 cal 9% ZO&-6 6% 
ZG ‘TG a en dee) 89 ‘19 AY, CG 866-466 
0G ‘6h ss 0 ‘6 oy 99 ‘G9 9T VS F6Z-16G 
Sb LP say OG 1G a, ¥9 ‘e9 cL 8S 066-L86 
QP ‘GP aa 9% ‘GZ a 29 ‘19 ia ZG 98Z—-E8TS 
PP ‘SP a8 VG 8G a 09 ‘6¢ ST 1Z Z8G-6LS 
Zy LP ae CG z gg ‘1g GL 0% 81Z-G13 
ma pecene “Ue merager@) moot}0r@) } ‘009 cord 
a aah ne ae "ULBy ‘SUy es “p “weyQ |°843.8ZZB4) are 

ty ‘f ty seanee ins ‘Towy “f ae 


“Iva X 


ORGANOMETALLIC COMPOUNDS. 


XXVII1 


GI-€I 
Glee 
OL ‘6 
g ‘y 
9 °G 


OD 
‘jeqisdyd 


“Yosqlo7 


4 OUSST GS 60I-E01 
ON FG POI-ZOT 
ae 8S LOI-66 
a ZS 86-6 
eg IG 86-06 
Pg 0G 06-F8 

Sg ‘ag 6 S8-62 

ZG-0G 8 61-81 

0S ‘6h LE $1-69 

6h ‘SF 9T 69-¢9 

Ly ‘OF GI G9-19 

OF-FF ial 09-9¢ 

PP ‘Sh ST 9G-ZG 

Gh ‘Bb ea GG-8P 

ZP-OF cf SP-SP 

OF ‘68 OL ZP-8E 

68-LE 6 1E-Se 

pe toe 8 88-66 

9E-FE ! 6Z-9% 

PS-ZE Leo CCGG 

ZouTe 9 ‘g ZG-61 

18-62 G ‘Pb 61-91 
6Z ‘8 | F'8 CI-ei 
8Z-9% CAME P GL ct L 

GS ‘FS Gat 01-8 

PS ‘8G I L3G 

ZGtG fae Gir ss 

1Z-0G a Gat 

0% 6 if eee eee 

OTe? Wao Mapa 
“Ul “Ueto meetlet@) 

‘askiy |-o1yyepq | “s10ue 

"YosqleZ | ‘Yosqte7Z | “yosq1o7 


C& 
Ig 
0¢ 
6G 
8G 


LG 
96 
GG 
VG 
EG 


GG 
IG 
0G 
61 
ST 


LT 
ME 
SI 
vt 
éT 


GL 
tt 
OL 


OD SHid co De lo oer) 


wey 


*MODUB 
“YOsq1oZ 


"OZ6L Ul porvedde gg ‘Joa Jo Jepuremoy , 


8g 
ZS 
9g 
gg 
vg 


&G 
GG 
1g 
0g 
60 


8v 
LY 
9V 
cv 
VV 


&v 
GV 
Iv 
OV 
66 


8& 
LG 
9€ 
Gs 
ve 


&& 
G& 
Ig 
0€ 
6% 


“UOT () 


[Rue 
“YOSt107 


“yishyg 
Iep 
ue[Buuy 
se ponuty 


FuUO@) 


69-19 
99-9 
€9-09 
69-L¢ 
99-7S 


SoScs 
OS-8YP 
LU-GP 
VV-GYV 
I?-6& 


“UeTBUUY 
Por 


6§ 
8& 
LE 
9¢ 
GE 


VE 
&& 
&& 
1g 
0§ 


66 
8% 
LG 
96 
GG 


VG 
&G 
GG 
TG 
04 


61 
8T 
ZY 
9T 
via 


vI 
él 
a 
IT 
OT 


“UOST 
pun 
[Y®48 


oe 
= 18 ns 
eee §) g 6 9 g eee 
ae Ge @ 
Fe a ins 
SEL eg 06 ‘68 
ZEL GE 68 £88 
121 1g 18 ‘98 
O31 og 98 ‘se ‘rg 
6LI 6G P8 ‘Sg 
SII 8G 88 ‘ZS 
LTT 1G 18 ‘08 
OTT 9% 08 ‘62 ‘82 
GIT GS SLL ¥. 
PII FG 91-F1 
SIL CG. PL Shea) 
CLL GG Glebe 
Lu 1Z 04 “69 
OLL 0Z 69 “89 
60I 61 19 ‘99 
SOL SL 99 ‘cg ‘F9 
LOT LL “iF9-89°39 
90T 91 |29‘T9 ‘09 
col GI 09 ‘6g 
POT PL l6g‘8g‘2z¢ 
SOL el -“lZg ‘og ‘¢¢ 
ZOT GL IPS 7 ese 
101 El 16S 15-0¢ 
0OT OL 0¢ ‘6F 
66 6 '6P SP ‘LP 
"UOT MA “SST | “WUTYO *00§ 
‘peyV M | “ava, | “Loy 
“IOQSSUNZIG| ‘oof "O01g 


*pouopurqe on a 61 
MOU 480107 UI oi LIG 8ST 
OYIYUETOS Jo ST LIZ a § 
10}} BUI Jo EX LIC 9G 1 =O 
uoreorqng| 9f | 912 ‘Ie | SLé6T 
0g GT VIG 21S" | PE 
6G PI €1Z ‘GIG | &T 
8 I Glo Tic 1 ol 
2G Ol cel ALO COLG IN itaEE 
96 IT OIG OI6I 
Go OT. | Ole 60a P26 
PG 6 606-2106 | 8 
8% 8 L0G L 
GG Hé 902 9 
IZ 9 G0Z ‘FOS | GO6I 
0% G £06 7 
61 if Z0S-006 | & 
ST g 66ie Solas 
LT j 161 ‘961 | I 
91 I G6 ‘F6L | OO6T 
GI We S6I ‘Z6L | 66 
r1 ae 161 86 
el A O6L “681 | 6 
ZI ve SST ‘48I | 96 
Il 98T S681 
OL Sie GST 6 
6 PSI &6 
8 gsI 66 
i; aa Z8T 16 
9 as I8l "V| 0681 
ae eno ee Sent “180K 
d yeyisAyd) “Id 


A TEXT-BOOK OF 


INORGANIC CHEMISTRY. 
VOLUME XI. PART III. 


A TEXT-BOOK OF 
INORGANIC CHEMISTRY. 


VOL. XI. PART III. 
ORGANOMETALLIC COMPOUNDS. 


CHAPTER I. 
ALIPHATIC PHOSPHORUS COMPOUNDS. 


COMPOUNDS OF THE TypPE RPH,. 


THE primary alkyl phosphines may be prepared by the general method 
indicated by the following equations : 


2R1I+2PH,1 + ZnO =2RPH,.HI + ZnI, + H,O 
2RI+PH,1+ ZnO =R,PH.H1I+H,0 + ZnlI, 


The main product of the reaction is a primary phosphine, but some 
secondary phosphine is obtained as a by-product. The reaction takes 
place when the components are heated together in a sealed tube at 
about 150° C.; n-octylphosphine, however, requires a temperature of 
160° to 180° C. to complete the reaction. Methylphosphine is a gas, 
and the remaining six members of the class which have been prepared 
are transparent liquids. The lower members have extremely obnoxious 
odours, the pungency decreasing somewhat with rising molecular 
weight. With the exception of the isoamy!- and n-octyl-derivatives 
all have boiling-points below 100° C. There is a tendency towards 
inflammation in contact with air in the case of the lower members, 
and fuming nitric acid may cause inflammation and formation of the 
corresponding phosphinic acid. Chlorine and bromine react with 
sufficient violence to cause inflammation in the case of the methyl- and 
ethyl-derivatives. Halogen acids combine with the phosphines, form- 
ing salts which have well-defined crystalline forms. 

Methylphosphine, CH,.PH,, may be obtained in several ways : 
(1) A mixture containing one part of zine oxide, two parts of phos- 
phonium iodide and two parts of methyl iodide is heated for four hours 
in a sealed tube at 150° C.1. The reaction produces both primary and 
secondary phosphines, which are separated as follows: The reaction 
mass is treated with water in an atmosphere of hydrogen, whereby 
methylphosphine is liberated from the hydriodide, whilst the residue 
contains the zine iodide double salt of dimethylphosphonium iodide. 

1 Hofmann, Ber., 1871, 4, 605. 
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(2) By the action of methyl iodide on a solution of white phosphorus 
in sodium hydroxide.!' The product in this case is contaminated with 
secondary and tertiary phosphines. (8) By heating for several hours 
at about 250° C., 1 gram-atom of white phosphorus with 2 gram- 
molecules of methyl alcohol in a sealed tube, the following by-products 
also occurring: phosphine, phosphoric acid, phosphinic acids and 
tetramethylphosphonium hydroxide.” (4) By heating a mixture of 
phosphonium iodide, zine oxide and chloroform at 100° C.? 

Methylphosphine is a colourless, transparent gas, having a vile 
odour. It begins to liquefy at 0° C. at 1-75 atmospheres pressure, the 
liquid being colourless and mobile, B.pt. —14° C. at 758-5 mm.* It is 
practically insoluble in water, somewhat soluble in alcohol, and one 
volume of ether at 0° C. dissolves 70 volumes of methylphosphine. 
It readily oxidises and forms white fumes in contact with the air, soon 
catching fire, particularly on gentle warming. In contact with chlorine 
or bromine it burns with a brisk flame. When passed into fuming 
hydrochloric acid or mixed with hydrogen chloride it yields the hydro- 
chloride, CH,;.PH,.HCl, which crystallises in four-sided plates. These 
are volatile in ether vapour; their solution in concentrated hydro- 
chloric acid gives an orange-red platunichloride. In a similar way a 
hydriodide may be obtained which crystallises in plates and may be 
sublimed in a current of dry hydrogen. When passed into fuming 
nitric acid, methylphosphine is converted into methylphosphinic acid. 

Ethylphosphine, C,H,;.RH,.—This is prepared by the following 
methods: (1) A mixture of one part of zinc oxide, four parts of phos- 
phonium iodide and four parts of ethyl iodide is digested for six to 
eight hours at a temperature not exceeding 150° C.° The reactions 
taking place are as follows : 


2CH,I +2PH,I + ZnO =2C,H,.PH,.HI + ZnI, + H,O 
2CH,I +PH,I + ZnO = (C,H,),.PH.HI +H,0 + ZnI, 


The chief product is primary phosphine, which is liberated in a hydrogen- 
filled apparatus by slowly heating to boiling in a stream of hydrogen 
and pouring the boiling liquid into cold water. The oil which separates 
is primary phosphine and is dried over potassium hydroxide. (2) 
Ethylene dibromide, phosphonium iodide and zine oxide are heated 
for six hours at 160° C.® (8) One gram-atom of white phosphorus 
and 2 gram-molecules of alcohol are heated in a sealed tube for many 
hours at about 250° C., the following by-products also occurring: — 
phosphine, phosphinic acids, phosphoric acid and tetraethylphos- 
phonium hydroxide.’ 

The phosphine is a colourless, strongly refracting liquid, having a 
very objectionable odour. It boils at about 25° C., is lighter than 
water and insoluble in it. The vapour attacks cork and rubber, and 
in contact with chlorine, bromine or fuming nitric acid the phosphine 
inflames. It combines with sulphur, yielding a non-crystalline sub- 
stance. With concentrated halogen acids it forms salts, the hydro- 

1 Auger, Compt. rend., 1904, 139, 640, 671. 

2 Berthaud, Compt. rend., 1906, 143, 1166. 

3 Hofmann, Ber., 1873, 6, 302. 

4 Hofmann, zbid., 1871, 4, 608. 

5 Hofmann, ibid., 1871, 4, 480; Hofmann and Mahla, ibid., 1892, 25, 2437. 
6 Hofmann, ibid., 1873, 6, 302. 

7 Berthaud, loc. cit. 
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chloride forming a platinichloride which separates in carmine-red needles. 
The hydriodide crystallises in white, four-sided plates, subliming in a 
hydrogen atmosphere at 100° C. The salt is decomposed by water, 
but can be kept unchanged in dry air; it dissolves in alcohol, but 
decomposition soon sets in, and it is insoluble in ether, the only solvent 
in which it is perfectly stable being concentrated hydriodic acid. 
The addition of ether to such a solution causes the precipitation of 
the hydriodide in crystals 1 cm. in length. When an ether solution 
of phosphine and cyanogen chloride is heated for several hours at 
100° C., rhombic plates are isolated from the reaction mixture ; these 
melt at 49° to 50° C. and correspond to the formula, C,H;.PH(CN).? 

n-Propylphosphine, CH;.CH,.CH,.PH,.—This is prepared by 
heating a mixture of 21:25 grams of propyl iodide, 20-25 grams of 
phosphonium iodide and 5-1 grams of zine oxide in a sealed tube at 
160° to 170° C. The reaction product is then decomposed by water 
to separate the primary from the secondary phosphine which occurs 
as a by-product. The phosphine is a colourless liquid of disagreeable 
odour, B.pt. 53° to 53-5° C., inflaming in air. 

iso-Propylphosphine, (CH,),.CH.PH,.?—This phosphine is ob- 
tained in the usual manner by heating 2 gram-molecules of isopropyl 
iodide, 2 gram-molecules of phosphonium iodide and 1 gram-molecule 
of zine oxide in a sealed tube at 100° C., and decomposing the reaction 
mass with water. It boils at 41° C., and is lighter than and insoluble 
in water. 

iso-Butylphosphine, (CH,),CH.CH,.PH,, occurs when the iso- 
propyl iodide in the preceding preparation is replaced by zsobutyl 
iodide. It is a liquid, B.pt. 62° C. 

iso-Amylphosphine, C;H,,.PH., is prepared by heating isoamyl 
iodide, phosphonium iodide and zinc oxide in a sealed tube at 140° to 
150° C. It has also been obtained by heating zsoamyl phosphinous 
acid at 60° to 185° C., tsoamylphosphinic acid occurring as a by-product.* 
The phosphine occurs also when tsoamyl] iodide reacts with a solution 
of white phosphorus in alcoholic sodium ethylate.® It is a liquid, 
B.pt. 106° to 107° C.,® 106° to 108° C.”. It is oxidised to isoamyl- 
phosphinie acid by nitric acid, the mixture inflaming. 

n-Octylphosphine, CH ;.(CH,)..CH,.PH,.8—n-Octyl iodide, phos- 
phonium iodide and zinc oxide are heated in a sealed tube at 160° 
to 180° C. The phosphine is a transparent, mobile, highly refractive 
liquid, having a pungent odour. It boils at 184° to 187° C., and has 
a density of 0°829 at 17° C. In alcohol, benzene or chloroform it 
readily dissolves, but is insoluble in water and mineral acids. It is 
violently attacked by fuming nitric acid unless previously diluted with 
glacial acetic acid, a spermaceti-like mass resulting. The phosphine 
slowly absorbs oxygen, forming n-octylphosphinous acid, which gives 
a white curdy silver salt. With hydriodic acid the hydriodide results 
as a crystalline solid, soluble in ether. 


Darmstadter and Henniger, Ber., 1870, 3, 179. 
Partheil and Gronover, Arch. Pharm., 1903, 241, 411. 
Hofmann, Ber., 1873, 6, 294. 

Guichard, Ber., 1899, 32, 1572. 

Auger, Compt. rend., 1904, 139, 641. 

Hofmann, loc. cit. 

Guichard, loc. cit. 

Méslinger, Ber., 1876, 9, 1005; Annalen, 1877, 185, 65. 
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COMPOUNDS OF THE TypE R,PH. 


The preparation of the dialkyl phosphines has already been in- 
dicated in connection with the primary phosphines on p. 3. The 
lower members are spontaneously inflammable in air and combine 
with sulphur, while all combine readily with acids to form salts. 

Dimethylphosphine, (CH,),PH.1—This occurs as described under 
methylphosphine, p. 4. It is a colourless liquid, B.pt. 25°C., lighter 
than water and insoluble in it. When dissolved in hydrochloric acid 
it may be oxidised to dimethylphosphinic acid by means of fuming 
nitric acid. It is easily oxidised and inflames in air. It readily com- 
bines with acids, all the salts being easily soluble. The hydrochloride 
yields a crystalline platinichloride. The phosphine unites with sulphur 
and carbon disulphide. 

Diethylphosphine, (C,H;),PH.?—This is prepared according to 
the equations given under ethylphosphine (p. 4). It is a colourless, 
strongly refractive, mobile liquid, B.pt. 85° C. It has a penetrating 
odour and is lighter than water. Its ether solution reacts with sulphur, 
forming diethyldithiophosphine sulphide, (C,H;).PS.S.8.S.PS(C.H;)., 
which is converted by ammonium sulphide into ammonium diethyl- 
dithiophosphinate, (C,H;),PS.S.NH,. The phosphine dissolves in acids, 
but with the exception of the hydriodide, the salts are difficult to 
erystallise. The hydrochloride yields an orange-yellow platinichloride, 
crystallising in prisms. ‘The salts are stable towards water. 

Di-isopropylphosphine, [(CH,),CH],PH,? occurs when isopropyl 
iodide, phosphonium iodide and zine oxide are heated together at 
100° C. The phosphine boils at 118° C., is lighter than water and in- 
soluble in it. 

Di-isobutylphosphine, [(CH,)..CH.CH,|,PH, is a liquid, B.pt. 
153° C., prepared in a similar manner to the preceding derivative. 

Di-isoamylphosphine, (C,;H,,),PH.—zsoAmyl iodide, phos- 
phonium iodide and zine oxide yield this phosphine when heated 
together at 140° to 150° C. The phosphine is a liquid, B.pt. 210° to 
2EoocG. 

COMPOUNDS OF THE TyPE R,P. 


The trialkyl phosphines may be prepared in a variety of ways : 


(1) By treating magnesium alkyl halides with phosphorus tri- 
halides : 
3RMgX +PX,=R,P +3MeX, 


(2) The double salts formed by the interaction of zine dialkyls 
and phosphorus trihalides yield tertiary phosphines on treatment with 
potassium hydroxide : 


38Z7nR, +2PX,=2R,P +3ZnX, 
(3) By heating alloys of sodium and phosphorus with alkyl halides : 
Na,P +38RI=R,P +3Nal 


(4) The action of heat on a mixture of secondary phosphine and 
alkyl iodide, and treatment of the product with alkali, has produced 
1 Hofmann, Ber., 1871, 4, 605. 


2 Hofmann, ibid., 1871, 4, 433; Hofmann and Mahla, zbid., 1892, 25, 2437. 
3 Hofmann, ibid., 1873, 6, 294. 
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certain trialkyl phosphines containing secondary radicals, e.g. tri-iso- 
propylphosphine. The yields are not good and the products are some- 
what impure : 


R,PH + RI=R,P.HI 


(5) When phosphonium iodide and an alcchol are digested for a 
long period at a high temperature, a mixture of trialkylphosphine 
hydriodide and tetra-alkylphosphonium iodide results : 


PH,I +3R.0H =R,P.HI +3H,0 
PH,I +4R.OH =R,PI +4H,0 


This method and the following one have only been applied to methyl 
and ethyl compounds. 

(6) In this case the alcohol in the foregoing method is replaced by 
ether, the reaction then proceeding at a lower temperature : . 


2PH,1 +3R,0 =2R,P.HI +3H,0 
PH,I +2R,0 =R,PI +2H,0 


(7) Trimethylphosphine has been isolated according to the following 
equations, tetramethylphosphonium iodide occurring at the same time : 


PH, +3RI=R,P.HI +2HI1 
PH, +4RI=R,PI1+3HI1 


(8) When phosphonium iodide and carbon disulphide are heated 
together, trimethylphosphine hydriodide is formed : 


3CS, + 4PH,I =(CH,),P.HI +3H,S +3PSI 


The mixed tertiary phosphines are obtained by subjecting mixed 
tetra-alkylphosphonium compounds to dry distillation : 


(CH,)(C,H;),PCl = (CH;)(CH;),P.HCl + C,H, 


In all cases of mixed aliphatic tertiary phosphines given in the following 
pages an ethyl group is removed from the phosphonium compound 
used as starting material, although a heavier group may be present in 
the molecule. 

All the tertiary phosphines are highly refractive liquids, lighter 
than and insoluble in water. Those of low molecular weight readily 
absorb oxygen from the air, yielding oxides; they also have inde- 
scribably unpleasant odours. The compounds combine with sulphur, 
selenium and carbon disulphide, forming respectively sulphides, selenides 
and compounds of the type 

R,P——CS 


See 


Mercurie chloride and the chlorides of gold, platinum and palladium 
form double compounds with some of the phosphines. Combination 
of the phosphines with alkyl iodides forms tetra-alkylphosphonium 


compounds : | 
R,P+RI=R,PI 


Trialkylphosphine Owides.—These compounds result when the 
trialkyl phosphines are oxidised directly by atmospheric oxygen, or 
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by nitric acid or mercuric oxide. Decomposition of tetra-alkylphos- 
phonium hydroxides by heat also yields the oxides. A more general 
method consists in treating phosphorus oxychloride with magnesium 
alkyl halides, the reaction mixture subsequently being decomposed by 
hydrochloric acid. The oxides form many double compounds with 
metallic salts and organic acids. 

Trialkylphosphine Sulphides and Selenides.—When an ether solu- 
tion of a trialkylphosphine is treated with flowers of sulphur, the latter 
gradually disappears, removal of the solvent and boiling of the residue 
with water then giving the sulphide in crystalline form. The ethyl 
compound has also been obtained by the interaction of triethylphos- 
phine and ethyl mercaptan in the presence of air. The selenides are 
prepared in a similar manner, but are rather unstable on exposure 
to the air. 

Trimethylphosphine, (CH;),P, may be prepared as follows: (1) 
Methyl chloride is passed over a phosphorus-calcium alloy, dimethyl- 
phosphorus, [(CH,).P],, being formed at the same time.! (2) By the 
action of methyl iodide on a phosphorus-sodium alloy, the by-products 
being dimethylphosphorus and tetramethylphosphonium iodide.? (3) 
By the interaction of phosphorus trichloride and zine dimethyl.? This 
reaction is dangerous to carry out and the containing vessels should 
be well cooled and kept full of carbon dioxide during the reaction, 
which takes place readily and lasts for several hours. Two layers of 
liquid are formed, and the lower one is withdrawn and distilled with 
potassium hydroxide, which releases the phosphorus base from its 
zinc compound. The phosphine passes over in the steam and collects 
in the receiver on the surface of the water, from which it is separated, 
and after drying over solid potassium hydroxide it is distilled in a 
current of dry hydrogen. (4) By saturating methyl iodide at —10° C. 
with phosphine and heating to 100° C., or treating 1 volume of methyl 
iodide with 1 volume of a saturated ether solution of zine iodide, cool- 
ing to —10° C. and saturating the mixture with phosphine. Shining 
crystals of the zinc iodide double compound are obtained, these being 
treated with potassium hydroxide as before. In the first of these two 
processes the crystals separating out are probably a phosphonium 
compound.* (5) One part of carbon disulphide and three parts of 
phosphonium iodide are heated in a sealed tube at 140°-to 150° C.5 
(6) The hydriodide of trimethylphosphine is formed when phosphonium 
iodide and dimethyl ether are heated together in a sealed tube for 
one to two hours at 120° to 140° C., tetramethylphosphonium iodide 
occurring as a by-product.® (7) The hydriodide also occurs when one 
molecular equivalent of phosphonium iodide and three molecular 
equivalents of methyl alcohol are heated in a sealed tube for six to 
eight hours at 160° to 180° C., the by-product being tetramethylphos- 
phonium iodide.’ 


* Thénard, Jahresber., 1847-1848, p. 645; Compt. rend., 1847, 25, 892; Phil. Mag., 
1848, [3], 32, 153. 
Cahours and Hofmann, Annalen, 1857, 104, 1. 
Hofmann and Cahours, Trans. Chem. Soc., 1859, 12, 56; Cahours and Hofmann, loc. 
cit. 

* Drechsel and Finkelstein, Ber., 1871, 4, 352; Hofmann, ibid., 1871, 4, 372. 

> Drechsel, J. prakt. Chem., 1874, [2], 10, 180. 

6 Fireman, Ber., 1897, 30, 1088. 

7 Hofmann, Ber., 1871, 4, 205. 
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Trimethylphosphine is a colourless, transparent, very mobile liquid 
of exceedingly unpleasant odour. It boils at 40° to 42° C., is highly 
refractive, and lighter than and insoluble in water. In contact with 
the air it fumes and is apt to inflame, oxidation taking place with forma- 
tion of its oxide. It combines also with sulphur and selenium, the 
operation being conducted in ether solution. It yields the following 
platinichlorides: [(CH,),P|PtCl,, crystallising from ether or alcohol 
in yellow prisms ;+ Cl[(CH,),P|]Pt[(CH;),P|Cl, white crystals, insoluble 
in ether ; 2(CH,),P.2HCI.PtCl,, an orange-yellow crystalline precipitate. ? 
The phosphine combines with carbon disulphide, yielding a red crystal- 
line compound, (CH;)3P CS.? The condensation is brought about 


S 

simply by mixing the components or using an alcohol solution of the 
phosphine. The compound has similar properties to the correspond- 
ing ethyl compound, p. 10. Ether solutions of the derivative, when 
allowed to stand for twenty-four hours are gradually converted into 
trimethylphosphine sulphide. The phosphine forms compounds with 
methylene iodide, ethylene, propylene and amylene bromides,* and ethyl, 
ethylene, allyl and phenyl thiocyanates. Trimethylphosphine does not 
react with zine ethyl,® which distinguishes it from primary and 
secondary phosphines, which are readily attacked. It combines with 
monochloracetic acid to yield a betaine, see p. 44.° 

Triethylphosphine, (C,H;),P, is prepared in a variety of ways : 
(1) By the action of phosphorus-sodium alloy on ethyl iodide.’ (2) 
A double compound of the phosphine with zine chloride is produced 
when zine diethyl reacts with phosphorus trichloride.? (3) The phos- 
phine is formed together with its oxide when zinc diethyl reacts with 
phosphorus oxychloride.® (4) By heating 1 molecular equivalent of 
phosphonium iodide with 8 molecular equivalents of ethyl alcohol for 
6 to 8 hours at 160° to 180° C., tetraethylphosphonium iodide occurring 
as a by-product. This process yields the hydriodide of the phosphine.?° 
(5) By decomposition with potassium hydroxide of the base formed 
when a zine phosphide, PHZn (prepared by the action of phosphine 
on zine diethyl at a temperature not exceeding — 4° C.), is heated with 
ethyl iodide in a sealed tube for 14 hours at 150° C.11_ (6) By heating 
phosphonium iodide and diethyl ether together in a sealed tube for 
6 hours at 160° C., tetraethylphosphonium iodide being formed as a 
by-product.¥2 (7) By the decomposition of tetraethylphosphonium 
acetate, benzoate or oxalate by heat.1% (8) When phosphorus, ethyl 


1 Werner, Zeitsch. anorg. Chem., 1893, 3, 318; Klason and Wanselin, J. prakt. Chem., 
1903, [2], 67, 41; Blomstrand, Ber., 1871, 4, 51; Cahours and Gal, Compt. rend., 1870, 
71, 208; Jahresber., 1870, p. 811. 

2 Hofmann, Annalen, 1857, 104, 30. 

3 Hofmann, Annalen Suppl., 1861, 1, 59; see Hantzsch and Hibbert, Ber., 1907, 40, 
1508. 

4 Hofmann, Jahresber., 1859, p. 372. 

5 Gal, J. Pharm. Chim., 1883, [5], '7, 484; Compt. rend., 1883, 96, 578. 

6 Meyer, Ber., 1871, 4, 734. 

7 Berlé, Jahresber., 1855, p. 290; J. prakt. Chem., 1855, 66, 73; Annalen, 1856, 97, 334. 

8 Cahours and Hofmann, Annalen, 1857, 104, 1; Hofmann and Cahours, Quart. J. 
Chem. Soc., 1859, 11, 56; Hofmann, Phil. Trans., 1860, 150, 409. 

® Pebal, Annalen, 1861, 120, 198. 

10 Hofmann, Ber., 1871, 4, 205. 

11 Drechsel and Finkelstein, Ber., 1871, 4, 352. 12 Fireman, Ber., 1897, 30, 1088. 

13 Letts and Collie, Phil. Mag., 1886, [5], 22, 183. 
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iodide and zinc are heated together in a sealed tube at 160° C., the 
zine iodide double salt of the hydriodide of the phosphine results, 
together with the zine iodide double salt of tetraethylphosphonium 
iodide.!_ (9) The foregoing double salt of the phosphine also occurs 
when ethyl iodide and zine phosphide are heated together in a sealed 
tube at 180° C.2 (10) The best method of preparation is as follows : 
To the Grignard solution obtained from 48-6 grams of magnesium and 
218 grams of ethyl bromide in 400 to 500 c.c. of ether, 60 grams of 
phosphorus tribromide in 75 e.c. of ether are added dropwise, the whole 
being cooled in ice and salt. When the action has subsided, the mixture 
is placed in an oil-bath and distilled in a stream of carbon dioxide, 
the phosphine being passed into a mixture of ether and carbon disul- 
phide, when the red double compound, (C,H;)3;P.CS,, is precipitated. 
Only about 6 per cent. of the phosphine distils with the ether, the 
remainder coming over at 160° to 200° C. In this preparation success 
depends upon using a large excess of magnesium ethyl bromide, when 
a yield of about 70 per cent. is obtained.? 

Triethylphosphine is a colourless liquid, possessing a stupefying 
odour which resembles hyacinths when diluted. It boils at 127-5° C. 
at 744 mm., and has a density of 0-812 at 15° C.,4 0-80006 at 18-6° C. ;° 
Np =1:45799. It is insoluble in water but miscible with alcohol and 
ether, and its vapour forms a white cloud in air owing to oxidation. 
The heat of combustion at constant pressure is 1,249,700 calories and 
the heat of formation 142,100 calories.* Strips of paper soaked in 
triethylphosphine explode in contact with oxygen.’ Slow oxidation 
yields triethylphosphine oxide,® and in the absence of water 1 mole- 
cular proportion of the phosphine absorbs 1 atomic proportion of 
oxygen.® Oxidation of the phosphine to the oxide may also be effected 
by nitric acid or mercuric oxide.!® Sulphur and selenium are readily 
dissolved by ether solutions of triethylphosphine, yielding triethyl- 
phosphine sulphide and selenide respectively. The phosphine reacts 
violently with ethyl iodide, forming tetraethylphosphonium iodide, 
but only unstable compounds are produced with cyanogen bromide 
or iodide.!! Carbon disulphide yields the derivative (C,H,),P.CS, 
when the components are brought together in ether or alcohol solution. 
The constitution of this compound is probably (CjH,;)3P CS and 


S 
the form of the crystals is monoclinic prismatic.!2, The product melts 
at 95° C., is insoluble in water, sparingly soluble in ether, more soluble 
in carbon disulphide and fairly soluble in warm alcohol. It forms a 
methiodide, M.pt. 96° to 97° C., decomposed by sodium hydroxide. 
Heating the base for some days in a sealed tube with water at 100° C. 


Hofmann, Annalen Suppl., 1861, 1, 4. 
Cahours, Annalen, 1862, 122, 331. 
Hibbert, Ber., 1906, 39, 160. 
Cahours and Hofmann, loc. cit. 
Zecchini, Gazzetta, 1893, 23, i, 100. 
Lemoult, Compt. rend., 1909, 149, 556. 
Hofmann, Annalen, 1857, 104, 11. 
Hofmann, Annalen Suppl., 1861, 1, 10. 
Compare Jorissen, Zeitsch. physikal. Chem., 1897, 22, 35; Engler and Wild, Ber., 1897; 
30, 1673; Engler and Weissberg, ibid., 1898, 31, 3055. 
10 Hofmann, loc. cit.; Hofmann and Mahla, Ber., 1892, 25, 2436. 
11 Hantzsch and Hibbert, Ber., 1907, 40, 1508. 
12 Sella, Annalen Suppl., 1861, 1, 28 ; see Groth, Ch. Kr., 3, 43. . 
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gives triethylphosphine sulphide, the oxide, methyltriethylphos- 
phonium hydroxide, hydrogen sulphide and carbon monoxide.!  Boil- 
ing with silver nitrate or silver oxide in alcohol solution converts the 
compound into triethylphosphine sulphide, and the latter also occurs 
when a saturated aqueous solution of hydrogen sulphide is heated with 
the carbon disulphide derivative at 100° C. in a sealed tube, a product 
C,H,,S,P also being formed.? Heating with anhydrous fatty acids 
decomposes the carbon disulphide compound with formation of carbon 
oxysulphide, triethylphosphine and derivatives of thio-acids. Methyl 
iodide gives a red compound, M.pt. 96° to 97° C., having the structure 
“C.H.).P CS.* The sulphur derivative, C,H,;5,P, may be con- 


RSS Ct 

sidered to be the anhydride of hydroxytriethylphosphonium  dathio- 
carboxylic acid, HO.P(C,H,;);CS.SH, dry hydrogen chloride con- 
verting C,H,,S,P into chlorotriethylphosphonium dithiocarboaxylic acid, 
Cl.P(C,H,;),CS.SH, a hygroscopic colourless, crystalline mass, stable 
in concentrated acid solution, but decomposed by water with evolution 
of hydrogen sulphide and deposition of sulphur. Alkali converts it 
into the anhydride, and platinic chloride yields a pale yellow, amorphous 
platinichloride, 2[C]1.P(C,H,;);CS.SH].PtCl,, insoluble in alcohol and 
ether, soon undergoing decomposition at the ordinary temperature.* 
When the anhydride C,H,;S,P is heated with saturated aqueous 
hydrogen sulphide, the product C,H,,S,P is obtained. This forms 
yellow crystals, soluble in hot absolute alcohol but insoluble in ether, 
decomposed by hot water to give a compound, C,H,,SP(OH).° The 
corresponding iodide, C,H,,SP.I, crystallises from water in needles, 
sparingly soluble in cold water; in aqueous solution it is decomposed 
by silver oxide, the precipitate containing silver, silver iodide and 
silver sulphide, whilst methyltriethylphosphonium hydroxide is found 
in solution. The compound formed from phenyl mustard oil and 
triethylphosphine decomposes on heating.6 Carbon tetrabromide 
and triethylphosphine yield bromomethenyltri-triethylphosphonium 
bromide, BrC[P(C,H;)3Br];. The corresponding chlorine compound 
is hydrolysed by water forming chloromethyltriethylphosphonium 
chloride, triethylphosphine oxide and hydrochloric acid : 


CIC[P(C,H,),Cl], + 2H,0 =Cl.CH,.P(C,H;),Cl + 2(C,H,),PO + 2HCl 


Triethylphosphine forms a large number of addition compounds 
with metallic salts, the constitution of some of the compounds having 
given rise to considerable discussion. The derivatives are as follows : 
From auric chloride—(C,H;),P.AuCl or [AuP(C,H,)3|Cl. This results 
when an alcohol solution of the phosphine is treated with auric chloride 
at the ordinary temperature.’ It crystallises in colourless needles or 
prisms, melting with decomposition at 80° C., soluble in alcohol, ether, 
chloroform, benzene and acetic acid, sparingly soluble in warm water 
Hofmann, loc. cit. Compare Staudinger and Meyer, Helv. Chim. Acta, 1919, 2, 612. 
Hofmann, Jahresber., 1861, p. 490. 

Hantzsch and Hibbert, loc. cit. 

Hofmann, Annalen Suppl., 1861, 1, 30. 

Hofmann, Jahresber., 1861, p. 490. 

Staudinger and Meyer, loc. cit. 
Cahours and Gal, Compt. rend., 1870, 70, 1383; Jahresber., 1870, p. 811; Levi- 
Malvano, Atti R. Accad. Lincei, 1870, [5], 17, i, 852. 
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or carbon tetrachloride. ‘The compound is very soluble in ammonium 
hydroxide or pyridine and dissolves without decomposition in warm 
potassium hydroxide and concentrated hydrochloric acid. If the 
compound in carbon tetrachloride solution be treated with ammonia, 
it is converted into a derivative having the constitution, (C,.H,;),P.AuCl. 
2NH, or [AuP(C,H;),(NH3;),|Cl. This crystallises from alcohol in 
colourless prisms, commencing to decompose at 90° C., yielding a 
white sublimate at 125° C., and blackening towards 150° C. It is 
only sparingly soluble in water. From copper iodide—2(C,H,),P.Cul. 
This product crystallises from petroleum ether in plates, M.pt. 37° to 
39° C.1 From zine todide — 2(C,H;),P.2HI.ZnI,. The derivative 
crystallises from water or aleohol.? From palladium chloride—2(C,H;)5P. 
PdCl,. The salt separates from alcohol or ether in yellow prisms, 
insoluble in water.? From platinic chloride—when triethylphosphine 
is boiled with an aqueous solution of platinic chloride, two isomeric 
bistriethylphosphine dichloroplatinum compounds are produced. ‘They 
may be separated by treatment with ether, in which the a-form (yellow) 
is soluble, whilst the B-form (white) is insoluble.* The a-form separates 
from alcohol or ether in yellow, monoclinic prisms,*> M.pt. 150° C., 
density 1:50 at 10° C., insoluble in water, sparingly soluble in boiling 
alcohol, readily dissolving in ether. Heating at 100° C. with alcohol 
or treating its ether solution with triethylphosphine converts the 
a-isomer into the f-variety. The a-form, when boiled with water 
and triethylphosphine, yields a compound, 4(C,H;),P.PtCl,, which 
readily splits off triethylphosphine, forming the f-isomer. The a-form 
can add on 1 molecule of bromine or iodine. The f$-compound is 
obtained as described above and separates from boiling alcohol in 
prisms, insoluble in water or ether. It also adds on 1 molecule of 
bromine or iodine. The constitution of the isomers is probably as 
follows : & 


(CeH EPs Cl (C,H). P Cl 
pat ee 
(GHP Cc Bi Cia 

a-Modification {-Modification 


The complex 4(C,H;),P.PtCl,, mentioned above, has the structure : 
(CoH5)3P._-P(CaH5)s 
aPtS Cl 
(C,H) 3P° “P(C.Hs)s 


This salt, when treated with auric chloride, yields a yellow crystalline 
compound, 4(C,H;),P.PtCl,.AuCl;, and with platinic chloride a brown 
precipitate results, 4(C,H;),P.PtCl,.PtCl,, sparingly soluble in cold 
alcohol.” A platinichloride of the composition 2(C,H;),P.H,PtCl, is 
known ; it is a crystalline product, sparingly soluble in cold water, 


1 Arbusoff, J. Russ. Phys. Chem. Soc., 1906, 38, 315; Chem. Zentr., 1906, ii, 751. 

2 Hofmann, Annalen Suppl., 1861, 1, 4; Cahours, Annalen, 1862, 122, 334. 

3 Cahours and Gal, loc. cit. 

4 Cahours and Gal, Compt. rend., 1870, 70, 899; Jahresber., 1870, p. 809. 

5 Des Cloizeaux, Compt. rend., 1870, 70, 899; Jahresber., 1870, p. 809; Sella, Annalen 
Suppl., 1861, 1, 28; see Groth, Ch. Kr., 3, 43. 

§ Werner, Zeitsch. anorg. Chem., 1893, 3, 318; Klason and Wanselin, J. prakt. Chem., 
1856, [2], 67, 41; Blomstrand, Ber., 1871, 4, 51. 

? Cahours and Gal, loc. cit. 
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insoluble in alcohol or ether.t If the foregoing B-modification of bistri- 
ethylphosphine dichloroplatinum in dry chloroform solution be treated 
with ammonia, an ammino-compound results, (NH;).Pt[P(C.H;)3.Cl]..” 
This is a deliquescent crystalline mass, very soluble in water. It readily 
loses ammonia, gives no precipitate with potassium chloroplatinate, but 
yields a phenyl mercaptide with phenyl mercaptan. Treatment of the 
ammine with 2 equivalents of triethylphosphine in chloroform gives 
a white precipitate of the compound [(C,H,),;P],Pt(NH,Cl),. With 
K,PtCl, it forms [(C,H;),P],Pt(NH,Cl),.PtCl,, and reaction also takes 
place in this case with phenyl mercaptan. 

Triethylphosphine reacts violently with o-xylylene bromide in 
chloroform solution, forming o-aylene triethylphosphonium bromide, 
C,H,[CH,.P(C,H;)3.Br],.2 This crystallises from a mixture of alcohol and 
ether and melts at 250° to 250°5° C. ; itis soluble in chloroform, alcohol or 
water, insoluble in ether. The aqueous solution reacts with silver oxide 
to give a solution of the free base. This is readily decomposed, hydriodic 
acid yielding an acid iodide, C,H,[CH,.P(C,H;),.1],.2HI, forming 
regular crystals melting indefinitely about 247° C. The chloride is 
difficult to crystallise. The following are also known: aurichloride, 
C,H,[CH,.P(C,H;)3.AuCl,|,, golden-yellow needles, M.pt. 163° C., and 
a platinichloride, C,H,|CH,.P(C,H;)3.Cl]..PtCl,, darkening at 200° C. 
and melting indefinitely at 285° to 236° C. Phenyl azide and tri- 
ethylphosphine in ether solution form an addition product, CgH;N3. 
(C,H;)3P.* 

Tri-n-propylphosphine, CH,(CH,),P.—12 c.c. of phosphorus 
trichloride in 50 c.c. of ether are added to the solution obtained from 
56 c.c. of n-propyl bromide and 15 grams of magnesium in 300 c.c. of 
ether. The yield of purified phosphine is 10 grams, the product boiling 
at 103-5° C. at 50 mm. or 187:5° C. at 760 mm. ; density 0-807 at 25° C. 
The carbon disulphide addition compound melts at 108° C., and the 
mercurichloride at 137° C.° 

Tri-isopropylphosphine, [(CH,),CH],P.—This phosphine is 
formed when di-isopropylphosphine and isopropyl iodide are heated 
together at 120° C.® It yields a crystalline hydriodide, C,H,,P.HI, 
soluble in water, insoluble in ether. 

Tri-n-butylphosphine, CH,(CH,),P.—A solution of 42 c.c. of 
n-butyl bromide in 100 c.c. of anhydrous ether containing a trace of 
iodine is added during three hours to 10 grams of magnesium turnings 
and 150 c.c. of ether contained in an apparatus through which hydrogen 
is passed during the preparation. The resulting solution is cooled to 
0° C. and treated with 9 c.c. of phosphorus trichloride in 50 c.c. of 
ether, this mixture being added dropwise. The whole is then warmed 
for 30 minutes on the water-bath, cooled below 0° C. and cautiously 
treated with a solution of 50 grams of ammonium chloride in 250 c.c. 
of water. The ether layer is removed, dried over anhydrous sodium 
sulphate, the ether distilled off in an atmosphere of carbon dioxide 
and the residue fractionated. The phosphine is then redistilled under 
50 mm. pressure. The yield is about 11 grams.’ 

1 Gahours and Hofmann, Annalen, 1857, 104, 13. 2 Klason and Wanselin, loc. cit. 

3 Partheil and Gronover, Ber., 1900, 33, 606. 

4 Staudinger and Meyer, Helv. Chim. Acta, 1919, [ii], 619. 

: Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 

7 


Hofmann, Ber., 1873, 6, 295. 
Davies and Jones, J. Chem. Soc., 1929, p. 33. 
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Tri-n-butylphosphine boils at 149-5° C. (corr.) at 50 mm. pressure 
and has a density of 0-8118 at 25° C. It is a colourless liquid having 
the characteristic phosphine odour. With alcohol, ether and benzene 
it is miscible in all proportions, but immiscible with water; its mol- 
ecular weight in freezing benzene is normal. It is less readily oxidised 
than the lower tertiary phosphines. When boiled in a current of air 
it is converted into the oxide. It combines with carbon disulphide in 
cold absolute alcohol solution, the addition product melting at 65-5° C. 
(corr.). This latter product is completely dissociated in hot ether or 
alcohol solution. A mercuric chloride addition compound is known, but 
it forms only a plastic mass, difficult to purify. The phosphine com- 
bines with methyl and ethyl iodides, yielding alkyltri-n-butylphos- 
phonium iodide. 

Tri-isobutylphosphine, [(CH,),CH.CH,],P, occurs in a 12-gram 
yield when 14 c.c. of phosphorus trichloride are added to 94 c.c. of 
isobutyl bromide and 20 grams of magnesium in ether solution. The 
phosphine boils at 126° C. at 50 mm. pressure, and it combines with 
carbon disulphide to give highly unstable red crystals. The mercuri- 
chloride crystallises in plates from alcohol, M.pt. 191:5° C.1. The 
hydriodide may be isolated by heating di-isobutylphosphine and iso- 
butyl iodide together at 100° C., the salt decomposing on treatment 
with sodium hydroxide to give the phosphine.2 Prepared by the latter 
method the base boils at 215° C. 

Tri-n-amyiphosphine, (C,H,,),P, is prepared by the interaction 
of 10-5 c.c. of phosphorus trichloride and the magnesium n-amyl 
bromide made from 78 c.c. of amyl bromide and 15 grams of magnesium.? 
The yield is about 9 grams ; the phosphine boils at 185-5° C. at 50 mm. 
pressure and has a density 0-820 at 25° C. The carbon disulphide 


addition product melts at 55° C., but a crystalline mercurichloride or 


methiodide has not been obtained. | 

Tri-isoamylphosphine [or T7i(y-methylbutyl) phosphine], (C,H,,)3P. 
—Phosphorus trichloride (10-5 c.c.) is added to the Grignard reagent 
from 78 c.c. of tsoamyl bromide and 15 grams of magnesium. The 
ether solution of the phosphine is dried and the ether distilled off 
in an atmosphere of carbon dioxide ; in order to prevent oxidation of 
the phosphine, the residue is fractionally distilled in a vacuum, and 
all subsequent manipulations with the phosphine are carried out in an 
enclosure filled with carbon dioxide, without bringing the substance 
into contact with air. The yield is 9 grams, and the product boils 
at 131° C. at 11 mm.* It forms red needles with carbon disulphide, 
M.pt. 79:5° C. 

Tri(dl- 6-methylbutyl)phosphine, (C,H,,),P.—This phosphine is 
obtained only in poor yield when 10-5 c.c. of phosphorus trichloride 
are added to the Grignard reagent from 77 c.c. of dl-B-methylbutyl 
bromide and 15 grams of magnesium. The product boils at 118° to 
117° C. at 10 mm. . 


Compounds of the Type R.R’P. 7 
Dimethylethylphosphine, C,H;.P(CH,),—The hydrochloride of 
this phosphine is formed when dimethyldiethylphosphonium chloride 


+ Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 
2 Hofmann, loc. cit. 

3 Davies, Pearse and Jones, loc. cit. 

* Compare Hofmann, loc. cit. 
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is decomposed by heat and the distillate treated with sodium hydroxide. 
The phosphine boils at 83° to 85° C.1 

Methyldiethylphosphine, CH,;.P(C,H;),, is isolated in the form 
of its hydrochloride when triethylmethylphosphonium chloride is 
decomposed above 300° C.: ? 


(C,H,),(CH,)PCl =(CH,)(C.H,),P.HCl+C,H, 


It is a liquid, B.pt. 110° to 112° C. 

Diethylpropylphosphine, C,H,.P(C,H,).,, is obtained in a similar 
manner to the preceding compound by heating triethylpropylphos- 
phonium chloride. It is a liquid, B.pt. 146° to 149° C. 

Diethylisoamylphosphine, C,;H,,.P(C,H;),, occurs when _ tri- 
ethylisoamylphosphonium chloride is subjected to dry distillation. 
It is a colourless, slightly viscous liquid, B.pt. 185° to 187° C., which 
does not oxidise so readily as triethylphosphine, and has an odour 
resembling that of fusel oil. The hydrochloride formed in the fore- 
going decomposition boils at 270° to 271° C., is very deliquescent, and 
with sodium hydroxide yields the free phosphine. 


CoMPOUNDS OF THE Types R,PO, R,PS, R,PSe. 


Trimethylphosphine oxide, (CH,;),PO, may be obtained by 
several methods: (1) Trimethylphosphine is oxidised in air, this 
changing it to the oxide.? (2) It occurs when tetramethylphosphonium 
hydroxide is decomposed by heat.* (8) Magnesium methyl iodide 
in ether solution is treated with phosphorus oxychloride and the re- 
action mixture decomposed by hydrochloric acid.® It is a deliquescent, 
crystalline mass, M.pt. 187° to 138° C., B.pt. 214° to 215° C. It gives 
rise to the following double compounds: ® Trimethylphosphine oaide 
hydrogen ferrocyanide, 2(CH;),PO.H,Fe(CN),, consisting of small 
colourless needles, becoming green on exposure to light or moist air, 
very soluble in water, insoluble in cold alcohol; trimethylphosphine 
oxide hydrogen cobalticyanide, 2(CH,),PO.H,Co(CN),.1-5H,0, crystal- 
lising in glistening needles, becoming light green at about 200° C., 
soluble in warm water or alcohol; trimethylphosphine oxide hydrogen 
aurichloride, 2(CH,),PO.HAuCl,, crystallising from water or alcohol in 
yellow, flat, hexagonal plates, M.pt. 94-5° C.; trimethylphosphine oxide 
hydrogen dichromate, 2(CH,),PO.H,Cr,O,, crystallising from water 
or dilute nitric acid in bright red, hard, glistening prisms, darkening 
at 200° C. and commencing to fuse at 204° C.;  trimethylphosphine 
oxide hydrogen bismuthic iodide, 2(CH;),PO.HBil,, separating from 
warm dilute hydriodic acid in clusters of bright red, prismatic needles, 
decomposing on heating or treating with an excess of water; trimethyl- 
phosphine owide hydrogen platinichloride, 4(CH;),PO.H,PtCl,, crystal- 
lising from water in beautiful, red, pyramidal needles, M.pt. 126° C., 
insoluble in alcohol; trimethylphosphine oxide zinc iodide, 
2(CH,),PO.ZnI,, forming small white prisms, M.pt. 168°C. In addition 
to the foregoing platinum compound a. platinichloride, 3(CH3;),PO. 


1 Collie, Trans. Chem. Soc., 1888, 53, 720. 

2 Collie, ibid., 1888, 53, 719. 

3 Cahours and Hofmann, Annalen, 1857, 104, 1. 

4 Cahours and Hofmann, loc. cit.; Collie, Trans. Chem. Soc., 1888, 53, 636. 
5 Pickard and Kenyon, Trans. Chem. Soc., 1906, 89, 262. 

§ Pickard and Kenyon, loc. cit. 
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2HC1.PtCl,.H,O, is known ; ! it crystallises in orange plates and needles. 
The oxide also forms a number of addition compounds with organic 
acids: ® Camphoric acid yields clear, hard crystals, 2(CH3)3PO. 
C,H,,(CO,H),, M.pt. 91° to 98° C.; trichloracetic acid gives small, 
colourless crystals, (CH,),;PO.CC1;CO,H, M.pt. 67° C. 

Trimethylphosphine sulphide, (CH;),PS.—An ether solution 
of trimethylphosphine is treated with flowers of sulphur;* after a 
time the latter disappears, when the solvent is removed and the residue 
boiled with water, the sulphide separating as the solution cools. It 
forms four-sided prisms, M.pt. 105° C. 

Trimethylphosphine selenide, (CH,),PSe.—This is obtained on 
replacing the sulphur in the preceding preparation by selenium. The 
product forms prisms, M.pt. 84° C., which blacken on exposure to the 
air, selenium separating out. 

Triethylphosphine oxide, (C,H,),PO, may be obtained by the 
following methods: (1) By the oxidation of triethylphosphine by 
air, nitric acid or mercuric oxide. (2) By the action of potassium 
hydroxide on the product resulting from reaction between zinc diethyl 
and the compound C,H,OPCI,.5 (3) One part of white phosphorus 
and 18 parts of ethyl iodide are heated together for 24 hours at 175° to 
180° C., and the reaction mass then boiled with 97 per cent. alcohol 
until no more ethyl iodide is formed. The solution is then distilled 
with 4 parts of potassium hydroxide.* (4) Magnesium ethyl bromide 
is allowed to react with phosphorus oxychloride and the mixture then 
decomposed with dilute hydrochloric acid.” (5) By heating the 
reaction product from zine diethyl and phosphorus oxychloride with 
potassium hydroxide and a little water.® ‘ 

The oxide forms colourless, odourless needles, M.pt. 51-9° C., B.pt. 
242-8° to 248° C. It is slightly volatile in steam, and is more soluble 
in water and alcohol than in ether. It is precipitated from its aqueous 
solution by potassium hydroxide. It is indifferent to oxygen and ozone.? 
According to Cahours and Hofmann ?° it is reduced to triethylphosphine 
when warmed with sodium, but this is denied by Crafts and Silva.’ 
When hydrochloric acid gas is passed into molten triethylphosphine 
oxide, a deliquescent mass results, to which the formula (C,H,),PO. 
(C,H,),PCl, is ascribed.12 The following double compounds are known :'* 
Triethylphosphine owide hydrogen ferrocyanide, 2(C,H;),PO.H,Fe(CN )g, 
a, microcrystalline powder, quickly becoming green in moist air ; treethyl- 
phosphine owide hydrogen cobalticyanide, 2(C,H;)3;PO0.H3Co(CN ),.4H,0, 
forming white, prismatic crystals, M.pt. 174° C.;  triethylphos- 
phine owide hydrogen aurichloride, 2(C,H;);,PO.HAuCh, flat, yellow, 


1 Collie, loc. cit. 
Pickard and Kenyon, loc. cit. 
Cahours and Hofmann, loc. cit. 
Cahours and Hofmann, loc. cit. 
Wichelhaus, Ber., 1868, 1, 77. 
6 Crafts and Silva, Trans. Chem. Soc., 1871, 24, 629; Jahresber., 1871, p. 764; see 
Carius, Annalen, 1866, 137, 118; Masson and Kirkland, Trans. Chem. Soc., 1889, 55, 141. 
7 Pickard and Kenyon, loc. cit. 
8 Pebal, Annalen, 1861, 118, 22; 120, 198. 
9 Engler and Wild, Ber., 1897, 30, 1673. 
10 Cahours and Hofmann, loc. cit. 
11 Crafts and Silva, loc. cit. 
12 Hofmann, Annalen Suppl., 1861, 1, 19; Phil. Trans., 1860, 150, 409. Compare Crafts 
and Silva, Jahresber., 1871, p. 766. 
18 Pickard and Kenyon, loc. cit. 
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hexagonal plates, M.pt. 54° to 56° C.; triethylphosphine oaide hydrogen 
dichromate, 2(C,H,;),PO.H,Cr,O,, forming hair-like needles, M.pt. 100° 
to 102°C. ; triethylphosphine oxide hydrogen bismuthic iodide, 2(C,H;),P0. 
HBil,, separating from dilute hydriodic acid as bright red, prismatic 
needles, decomposing above 180° C.; triethylphosphine oxide hydrogen 
mercuric iodide, 2(C,H;),PO.HH¢gI;,, consisting of beautiful yellow needles 
sintering at 81° C. and melting at 32° to 38° C.;  triethylphosphine 
oxide hydrogen platinichloride, 4(C,H;),PO.H,PtCl,, M.pt. 150° C. ; 
3(C,H;),PO.(C,H;)3PCI,.PtCl,, monoclinic prisms ;1 triethylphosphine 
oxide cupric chloride, (C,H;),PO.CuCl,,? pale brown prisms from alcohol, 
M.pt. 233° C., decomposed by water; triethylphosphine oxide copper 
sulphate, 2(C,H,;),PO.CuSO,, green four-sided prisms ;% _ triethyl- 
phosphine owide zinc iodide, 2(C,H;),PO.ZnI,, forming monoclinic, 
prismatic crystals, M.pt. 99° C.4 With pyruvic acid the oxide forms a 
compound (C,H,;),PO.2CH,COCO,H, consisting of small, colourless, 
prismatic needles, M.pt. 75° to 77° C. 

Triethylphosphine sulphide, (C,H;),PS, is best prepared from 
the phosphine as described for the corresponding methyl compound.° 
It may also be obtained by the interaction of triethylphosphine and 
ethyl mercaptan in the presence of air, or by boiling the compound 
(C,H,),P(CS)S in alcohol with silver oxide or heating it at 100° C. with 
water. The sulphide forms hexagonal prisms, M.pt. 94° C., readily 
volatile in steam.® It forms a compound with methyl iodide, (C,H;)3PS. 
CH,I, consisting of colourless crystals, M.pt. 123° C., slowly decomposed 
by boiling water.?. The methiodide is normally dissociated in aqueous 
solution and has almost the same conductivity as triethyl sulphonium 
iodide. The methiodide is decomposed by alkalis below 0° C., the 
free base decomposing immediately into mercaptan and triethylphosphine 
oxide. 

Triethylphosphine selenide, (C,H;),;PSe, occurs when selenium 
reacts with triethylphosphine in ether solution.* It may be crystallised 
from water, but is partially decomposed on contact with air. When 
dry the crystals are red and melt at 112° C. 

Tri-n-propylphosphine oxide, (C,;H,);PO.—A dilute ether 
solution of magnesium n-propyl bromide is well cooled and very slowly 
and with constant shaking mixed with a dry ether solution containing 
the calculated quantity of phosphorus oxychloride. After the vigorous 
reaction has subsided, the mass is decomposed with dilute hydrochloric 
acid, the ether removed and the residue mixed with a large excess of 
sodium hydroxide. The mixture is then distilled from a copper flask 
and the aqueous distillate fractionated, the oxide occurring in the 
fraction boiling at 260° to 265° C. at 759 mm. The freshly distilled 
oxide solidifies to colourless, lustrous, silky needles, M.pt. 38° C., which 
are odourless and very hygroscopic.? The oxide forms the following 


1 Hofmann, loc. cit.; Sella, Annalen Suppl., 1861, 1, 17. Compare Groth, Ch. Kr., 3, 44. 

* Pickard and Kenyon, loc. cit. 

2 Pebal, loc. cit. 

4 Hofmann, loc. cit.; Sella, Joc. cit. 

5 Cahours and Hofmann, Annalen, 1857, 104, 23; Hofmann, Phil. Trans., 1860, 150, 
409 


See Sella, loc. cit.; Groth, Ch. Kr., 3, 44. 

Hantzsch and Hibbert, Ber., 1907, 40, 1508. 

Cahours and Hofmann, loc. cit.; Hofmann, loc. cit. 

Pickard and Kenyon, loc. cit. 
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double compounds: Tri-n-propylphosphine owide hydrogen ferrocyanide, 
2(C,H,),PO.H,Fe(CN),, colourless needles, sparingly soluble in water 
or alcohol;  tri-n-propylphosphine oaide hydrogen  cobalticyanide, 
2(C,H,),PO.H3,Co(CN)..6H,0, pale yellow cubic crystals from water, 
M.pt. 119° C.;  tri-n-propylphosphine owide hydrogen aurichloride, 
2(C,H,),PO.H,AuCh, yellow, flat, hexagonal plates, M.pt. 67° to 69° C. ; 
tri-n-propylphosphine oxide hydrogen dichromate, 2(C;H,),PO.H,Cr,0,, 
melting with decomposition at 164° C.;  tri-n-propylphosphine oaide 
hydrogen mercuric iodide, 2(C;H,)3;PO.HHgI, forming yellow needles, 
M.pt. 52° to 54°C. ; tri-n-propylphosphine oxide hydrogen platinichloride, 
6(C,;H,),PO.H,PtCl,, separating in light brown flakes, M.pt. 92° to 
93° C., very soluble in water. 

Tri-n-butylphosphine oxide, (C,H,),;PO.—10 c.c. of phosphorus 
oxychloride in 50 c.c. of ether are added to the Grignard reagent from 
42 c.c. of n-butyl bromide and 10 grams of magnesium in 250 c.c. of 
ether. Ammonium chloride is then added and, when the ether layer 
is fractionally distilled under 760 mm. pressure, the oxide passes over 
at 300° C. and solidifies in the receiver. The oxide may also be pre- 
pared by boiling the phosphine in a current of air and oxidising it with 
warm 40 per cent. nitric acid. The product forms hygroscopic, colourless 
needles. 

Tri-isoamylphosphine oxide, (C;H,,),;PO, is formed when the 
phosphine is oxidised by air.1 It is a crystalline product, M.pt. 60° to 
65° C., soluble in alcohol. 


QUATERNARY PHOSPHONIUM COMPOUNDS. | 


A number of methods used for preparing phosphonium compounds 
has already been indicated on p. 7. Some tetra-alkylphosphonium 
hydroxides may be produced by heating white phosphorus and the 
corresponding alcohol above 250° C. for a long period. The compound 
P,Hg, reacts with alkyl iodides to form quaternary compounds, and 
the latter also occur when trialkylphosphines react with alkyl halides. 
There are also special methods of preparation applying only to individual 
derivatives. The iodides are converted into the hydroxides by treat- 
ment with moist silver oxide, and bromides, cyanides, carbonates, 
acetates, oxalates and sulphates are similarly obtained when the ap- 
propriate silver salt is used. Such salts also result when the hydroxides 
are treated with the corresponding acids. 

The mixed quaternary phosphonium compounds are prepared as 
indicated by the following equations : 


RiP 4 Rx Bee 
RRP RX Re Pe (X =halogen) 
RR’R’P +R’’X =RR'R’R’’PX 


The phosphorus-nitrogen phosphonium compounds are formed when 
the phosphines containing nitrogen directly attached to phosphorus 
combine with alkyl iodides, e.g. 


[(CoH;).N]3P + CHI =[(C,H;),N],P(CH;)I* 


1 Hofmann, Ber., 1873, 6, 303. 

2 It should be noted that these N-phosphines are not organometallic from the point of 
view of this volume until they form phosphonium compounds, for only in the latter case is ~ 
the phosphorus directly linked to carbon, ; , a 
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The phosphonium iodides form addition products with the iodides 
of mereury, bismuth and thallium, and also with bismuth chloride. 
Perhalides, R,PI.X,, are formed when halogens react with the iodides, 
these products, like the original iodides, having well-defined crystalline 
forms ; moist silver oxide removes the iodine, giving the corresponding 
hydroxides. Like the arsonium chlorides the tetra- alkylphosphonium 
chlorides tend to be deliquescent, but they yield crystalline double 
salts with the chlorides of gold, mercury, platinum, bismuth and zinc. 
When two molecular equivalents of triethylphosphine react with one 
molecular equivalent of methylene chloride, ethylene dichloride or 
ethylene dibromide, phosphonium compounds result in which two atoms 
of phosphorus are present. 

Tetramethylphosphonium hydroxide, (CH,),POH.—When 
white phosphorus and methyl alcohol in the ratio 1: 2 by weight are 
heated together in a sealed tube at a temperature not lower than 250° C. 
for several hours, the phosphorus disappears.1. The phosphonium 
hydroxide is the main product of the reaction, the by-products consist- 
ing of phosphine, methylphosphine, and phosphinic and phosphoric 
acids. The hydroxide is also obtained when the corresponding phos- 
phonium iodide is treated with moist silver oxide.? It reacts with 
acids, forming salts, and its conductivity has the value yw, =207.3 
When decomposed by heat the hydroxide yields trimethylphosphine 
oxide and methane: * 


(CH,),P.0H —> (CH,),PO + CH, 


Most of the salts obtained from it are hygroscopic, but an exception 
is found in hydroxytrimethylphosphonium trichloroacetate, M.pt. 
64° C.° 

Tetramethylphosphonium iodide, (CH,),PI, may be prepared 
in several ways: (1) By heating phosphonium iodide and methyl ether 
together in a sealed tube for six hours at 120° to 140° C.§ (2) It forms 
the chief product when magnesium methyl iodide and phosphorus di- 
iodide, P,I,, react in ether solution at the ordinary temperature and 
the resulting mass is decomposed by water.’ (3) The mercuric iodide 
addition product of the iodide is formed when the compound P,H¢e, is 
heated for four hours with two parts of methyl iodide at 140° to 150° C.8 
(4) Tetramethylphosphonium hydroxide is converted to the iodide 
by treating it with hydriodic acid. (5) The iodide also occurs when 
trimethylphosphine reacts with methyl iodide.?® 

The iodide may be recrystallised from alcohol. It combines with 
iodine to yield a periodide, (CH,),PI.I1,, a crystalline precipitate of the 
colour of chromic acid.1® The double salt with mercuric iodide, (CH3;),PI. 
2HgI,, forms yellow prisms, M.pt. 172° C., sparingly soluble in water, 


1 Berthaud, Compt. rend., 1906, 143, 1166. 

2 Cahours and Hofmann, Annalen, 1857, 104, 31; Hofmann and Cahours, Quart. J. 
Chem. Soc., 1859, 12, 56. 

3 Bredig, Zeitsch. physikal. Chem., 1894, 13, 288. 

4 Cahours and Hofmann, loc. cit.; Collie, Trans. Chem. Soc., 1888, 53, 636. 

5 Fenton and Ingold, J. Chem. Soc., 1929, p. 2342. 

6 Fireman, Ber., "1897, 30, 1088. 

7 Auger and Billy, Compt. rend., 1904, 139, 597. 

Partheil and van Haaren, Arch. Pharm. 1900, 238, 41. 

® Cahours and Hofmann, loc, cit. 

10 Auger and Billy, Compt. rend., 1904, 139, 639. 
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insoluble in ether.1 Tetramethylphosphonium iodide is converted to 
the corresponding picrate when treated with aqueous sodium picrate ; 
this crystallises in lemon-yellow needles which are unmelted at 290° C.? 

Tetramethylphosphonium chloride, (CH,),PCl, results when 
the hydroxide is treated with hydrochloric acid.* It is also obtained 
by the action of water on the reaction product from magnesium methyl 
iodide and phosphorus trichloride in ether solution at —20° C.* It is 
a deliquescent salt, which when strongly heated decomposes into 
ethylene and trimethylphosphonium chloride : ° 


2(CH,),PCl =2(CH,),;PHCl + C,H, 


It forms a number of double salts: (CH,),PCl.AuCl,;& (CH ),PCI. 
HeCl,, crystallising from hot water in white needles, M.pt. 249° C., 
sparingly soluble in water, insoluble in ether;’ 2(CH,),PCI.PtCl,, 
erystallising from water in octahedra, insoluble in alcohol or ether.® 

Tetramethylphosphonium sulphate, [(CH,),P],5O,, occurs when 
the corresponding iodide is treated with silver sulphate. The product 
crystallises in thick needles which decompose on strong heating with 
formation of trimethylphosphine oxide and trimethylphosphine sulphide. 

Tetramethylphosphonium benzoate, (CH,),P.CO,C,H,, is pre- 
pared by neutralising the base with benzoic acid. It is a deliquescent 
substance, which decomposes above 300° C. into trimethylphosphine 
oxide and acetophenone : 


(CH,),P.CO,C,H; =(CH;),PO + CH;.CO.C,H; 


Tetra -ethylphosphonium hydroxide, (C,H;),POH, may be 
obtained by the following methods: (1) White phosphorus and ethyl 
alcohol in the ratio 1 : 2 by weight are heated together for several hours 
at a temperature not lower than 250° C. The following by-products also 
occur: phosphine, ethyl phosphines, phosphinic acids and phosphoric 
acid.!° (2) By heating a mixture of phosphonium iodide and diethyl 
ether in a sealed tube for six hours at 160° C.1! (3) The corresponding 
iodide is treated with silver oxide in the presence of water and the 
filtered solution evaporated over sulphuric acid.1?_ The base is obtained 
as a deliquescent, crystalline mass, which absorbs carbon dioxide from 
the air. The aqueous solution has a bitter taste and is strongly alkaline. 
When decomposed by distillation the hydroxide yields triethylphos- 
phine oxide and ethane.!$ Acids convert the base into the corresponding 
salts. 

Tetra-ethylphosphonium iodide, (C,H;),PI, can be obtained in 
several ways: (1) By the combination of triethylphosphine and ethyl 
iodide in ether solution.14 The reaction takes place with violence in 
the cold and the whole solidifies to a white crystalline mass. (2) By 


1 Partheil and van Haaren, loc. cit. 2 Fenton and Ingold, loc. cit. 

3 Cahours and Hofmann, loc. cit. 

4 Auger and Billy, Compt. rend., 1904, 139, 597. 5 Collie, loc. cit. 

6 Cahours and Hofmann, loc. cit. 7 Partheil and van Haaren, loc. cit. 
8 Cahours and Hofmann, loc. cit. ® Collie, loc. cit. 

Es Berthaud, Compt. rend., 1906, 143, 1166. 11 Fireman, Ber., 1897, 30, 1088. 


12 Cahours and Hofmann, Annalen, 1857, 104, 15; Letts and Collie, Phil. Mag., 1886, 
[5],.22, 183, ; 

13 Hofmann and Cahours, Quart. J. Chem. Soc., 1859, 12, 56; Letts and Collie, loc. cit. 

14 Cahours and Hofmann, loc. cit.; Hofmann and Cahours, loc. cit.; Letts and Collie, 
loc. cit. 
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heating one equivalent of phosphonium iodide with three equivalents 
of methyl alcohol for six to eight hours at 160° to 180° C. Triethyl- 
phosphonium iodide occurs as a by-product.’ (38) Ethyl iodide and 
phosphorus in the ratio 7C,H,I to 2P are heated together in a sealed 
tube at 180° C. for about twenty-four hours.» When cold the. product 
is black and is either a tarry liquid or a semi-solid crystalline mass of 
periodide. A little gas escapes when the tube is opened and excess of 
ethyl iodide is removed by distillation. The residue is mixed with water 
and treated with hydrogen sulphide, the clear solution being decanted 
from the precipitated sulphur and treated with silver oxide in excess 
to give the tetra-ethylphosphonium hydroxide. Instead of carrying 
out the last-mentioned stage of the process, the solution containing the 
hydrogen sulphide may be subjected to the action of a current of carbon 
dioxide to remove the former gas, then saturated with potassium 
hydroxide and warmed; the phosphonium iodide separates out and 
floats as an oily layer upon the potassium hydroxide solution. The 
reaction taking place in this preparation is represented as follows : 


7C,H,I +2P =(C,H;),PIs +(C.H;)3PI, 


The decomposition of these polyiodides by the hydrogen sulphide occurs 
as follows : ° 
(C,H;),PI, +H,5 =(C,H;),PI+2HI+S 
(C,H;),PI, +H,S +H,O =(C,H;),PO+4HI+S 


(4) The iodide occurs as its double salt with zinc iodide when phos- 
phorus, ethyl iodide and zinc are heated together at 160° C.,* or on 
heating ethyl iodide with a phosphorus-zinc alloy at 180° C.° (5) The 
double salt with mercuric iodide, (C,H,),PI.2HegI,, is formed when the 
compound P,Hg, is heated for four to five hours with about two parts 
of ethyl iodide at about 160°C. (6) Heating zinc phosphide and ethyl 
iodide together in a sealed tube at 170° to 180° C. for twenty-four hours 
and treating the reaction mixture with potassium hydroxide gives the 
iodide.’ 

The iodide crystallises from a mixture of alcohol and ether in trigonal 
scalenohedral crystals,* readily soluble in water, sparingly soluble in 
alcohol, insoluble in ether. Its refractive index has been determined 
by Zecchini.2 Aqueous potassium hydroxide does not affect the 
iodide. When treated with chlorine at about 70° C. the dry iodide 
yields a compound, (C,H;),PI.Cl, ; this slowly loses chlorine in dry air, 
and chlorine is evolved when the compound is treated with water or 
alcohol. Evaporation of the alcoholic solution gives an tododichloride 
having the composition, (C,H,),PI.Cl,, which can be isolated in the 
form of yellow crystals.1° When tetra-ethylphosphonium iodide is 
treated with bromine, much heat is developed, and if the free bromine 
be removed by evaporation and washing the residue with ether, a bright 


Hofmann, Ber., 1871, 4, 205. 

Masson and Kirkland, Trans. Chem. Soc., 1889, 55, 138. 

Compare Carius, Annalen, 1866, 137, 117; Crafts and Silva, Jahresber., 1871, p. 764. 
Hofmann, Annalen Suppl., 1861, 1, 4. 

Cahours, Annalen, 1862, 122, 331. 

Partheil and van Haaren, Arch. Pharm., 1900, 238, 35. 

Cahours, Annalen, 1862, 122, 329. 

Groth, Ch. Kr., 1, 197. 

Zecchini, Gazzetta, 1893, 23, i, 101. 

Masson and Kirkland, T'rans. Chem. Soc., 1889, 55, 126. 
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yellow solid results. This is dissolved in warm alcohol, when evapora- 
tion of the solution gives orange-red crystals having the composition 
(C,H;),PI.Br,. This zododibromide is converted by ammonium 
hydroxide into a black explosive substance to which the formula 
[(C,H;),PI.Br.|.2NH, is assigned. In air the ammonia is slowly given 
off, leaving the iododibromide as a red powder. When two atomic 
equivalents of iodine in alcohol solution are added to a warm solution 
of the phosphonium iodide in the same solvent, brown glistening plates 
are deposited. The product is a periodide, (C,H;),PI.I,, M.pt. 66° to 
67° C., readily soluble in alcohol, less soluble in ether and insoluble in 
carbon disulphide.t Its brown solution is decolorised by reducing 
agents and gives easily soluble double salts when treated with mercury 
halides. The iodide also forms double salts with bismuth halides: 
3(C,H,),PI.2BiCl,, golden-yellow crystals ; 3(C,H,),PI.Bil,, brick-red 
erystals. With mercuric iodide it yields 2(C,H,;),PI.HgI,, colourless 
plates from hot alcohol, M.pt. 202° C.; (C,H;),PI.2HgI,, yellow needles 
from acetone-alcohol, M.pt. 117° C.2 With thallic todide, (C,H;),PI. 
TII,, scarlet needles, is formed, insoluble in water and sparingly soluble 
in cold alcohol. Tetra-ethylphosphonium iodide and sodium tri- 
phenylmethyl react in ether solution to give triphenylmethane, tri- 
ethylphosphine and sodium iodide.* 

Tetra-ethylphosphonium chloride, (C,H;),PCl, can only be 
isolated as a deliquescent, crystalline mass.° It decomposes quantita- 
tively above 300° C. into triethylphosphonium chloride, (C,H;),PHCI, 
and ethylene. The dry chloride absorbs chlorine at 105° to 110° C. 
and turns yellow, finally liquefying; the liquid on cooling deposits 
crystals of the trichloride, (C,H;),PCI.Cl,,® a yellow, deliquescent 
substance, insoluble in ether, but decomposed by water or alcohol 
forming the chloride. For this preparation the chloride is prepared 
by shaking a solution of the phosphonium iodide with freshly precipitated 
silver chloride and drying the resulting product at 110° C. The follow- 
ing double salts have been obtained : (C,H;),PCl.AuCl,, golden, glisten- 
ing needles from water, M.pt. 179° C.;7 2(C,H;),PCLZnCl,, readily 
soluble in water ;® (C,H;),PCIl2HgCl,, white needles, M.pt. 130° C., 
readily dissolving in hot water or hot alcohol, but insoluble in ether ; ° 
3(C,H;),PC1.2BiCl,, pale yellow crystals; 1° 2(C,H,;), PCl.PtCl,,crystal- 
lising from water in octahedra, insoluble in alcohol or ether.1! 

Tetra-ethylphosphonium bromide, (C,H;),PBr, is prepared 
from the iodide by shaking its aqueous solution with silver bromide. !? 
The dry salt absorbs bromine vapour at 110° C. to form a dark red 
liquid which at ordinary temperatures yields a scarlet, crystalline 
solid, (C,H,;),PBr.Br,. This is not stable in air, and solution in alcohol 
converts it into the tribromide, (C,H;),PBr.Br,. The phosphonium 

1 Jorgensen, J. prakt. Chem., 1871, [2], 3, 355. 

Partheil and van Haaren, Arch. Pharm., 1900, 238, 35. 

Jorgensen, J. prakt. Chem., 1872, [2] ,6, 87. 

Coffman and Marvel, J. Amer. Chem. Soc., 1929, 51, 3496. 

Letts and Collie, Phil. Mag., 1886, [5], 22, 201. 

Masson and Kirkland, loc. cit. 

Cahours and Hofmann, Annalen, 1857, 104, 18; Partheil and van Haaren, loc. cit. 
Pebal, Annalen, 1861, 120, 198. 

Partheil and van Haaren, loc. cit. 

10 Jorgensen, loc. cit. 


11 Cahours and Hofmann, loc. cit. 
12 Masson and Kirkland, loc. cit. 
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bromide yields a bright yellow double salt with bismuth bromide, 
3(C,H,;),PBr.BiBrz, which is comparable with the corresponding 
ammonium compound, 3(C,H,),NBr.BiBr,.4 

Tetra-ethylphosphonium sulphate, [(C,H,),P],5O,, occurs when 
the iodide is treated with silver sulphate. Dry distillation of the 
sulphate causes decomposition with formation of triethylphosphine 
oxide and sulphide.2. Bromine vapour reacts with the dry sulphate at 
110° C. yielding a red mass corresponding to [(C,H;),P],SO,4.Bry».? 
Chlorine is absorbed less readily by the sulphate even at 130° C., 
yielding [(C,H,),P|],SO,.Cl,, a yellow solid which dissolves in water 
with effervescence due to the evolution of chlorine; the compound 
deliquesces on exposure to the air and slowly loses chlorine in a current 
of dry air. 

Tetra-ethylphosphonium nitrite, (C,H;),PNO,, occurs when the 
sulphate is treated with barium nitrite. It is a pale yellow deliquescent 
product.4 

Tetra-ethylphosphonium cyanide, (C,H;),PCN, is formed by 
the action of silver cyanide upon the phosphonium iodide.? When it 
is heated with water it is decomposed, forming triethylphosphine oxide, 
hydrocyanic acid and ethane. 

Tetra -ethylphosphonium carbonate, [(C,H;),P|],CO;, forms 
highly deliquescent, needle-shaped crystals. These at 240° to 250° C. 
are decomposed with formation of triethylphosphine, triethylphosphine 
oxide, diethyl ketone, carbon dioxide and a gaseous hydrocarbon 
(C,H, 9?). An acid carbonate is known, and this gives a similar result 
when decomposed by heat. 

Tetra -ethylphosphonium acetate, (C,H,),P.OCOCH,, crystal- 
lises in needles which are highly deliquescent, and on heating is decom- 
posed into triethylphosphine, triethylphosphine oxide, methyl ethyl 
ketone, methane, ethylene and carbon dioxide : 


(C,H,),P.OCOCH, =(C,H;),;PO +C,H,COCH, 
(C,H,),P.OCOCH, =(C,H,),P +CO, + C,H, +CH, 


Tetra-ethylphosphonium oxalate, [(C,H;),P|],C,O,.—This salt 
separates as fine crystals which decompose at 200° to 230° C. into 
triethylphosphine oxide, triethylphosphine, diethyl ketone, ethylene, 
earbon dioxide and carbon monoxide. 

Tetra-ethylphosphonium benzoate, (C,H;),P.OCOC,H;, is iso- 
lated as radiating, deliquescent crystals, M.pt. 160° C., decomposed by 
heat into triethylphosphine, triethylphosphine oxide, phenyl ethyl 
ketone, ethyl benzoate, benzene, ethylene and carbon dioxide. 

Tetra-n-propylphosphonium bromide, (C,H,),PBr, crystallises 
best from alcohol, and decomposes at 200° C.°® 

_Tetra-isopropylphosphonium iodide, [(CH,),CH],PI,” may be 
prepared by the interaction of tri-isopropylphosphine and isopropyl! 
iodide at 100° C. It crystallises in cubes or octahedra. 

Tetra-isobutylphosphonium iodide, [(CH,),.CH.CH,],PI.—This 

1 Jorgensen, loc. cit. 
Letts and Collie, loc. cit. 
Masson and Kirkland, loc. cit. 
C. Ray and N. Ray, J. Indian Chem. Soc., 1928, 5, 733. 
Letts and Collie, loc. cit. 


Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 
Hofmann, Ber., 1873, 6, 295. 
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product has not been obtained in the pure state. It is crystalline and 
is formed when tri-isobutylphosphine and isobutyl iodide are heated 
together for several hours at 120° C. 

Tetra-isoamylphosphonium iodide, (C;H,,),PI, is a crystalline 
product resulting from the interaction of tri-isoamylphosphine and 
isoamy] iodide. 


Mixed Quaternary Phosphonium Compounds. 


Trimethylethylphosphonium iodide, (CH;),P(C,H;)I, may be 
isolated: (1) By treating trimethylphosphine with ethyl iodide.! 
(2) By the interaction of dimethylethylphosphine and methyl iodide.? 
It separates in shining crystals from boiling alcohol. 

Trimethylethylphosphonium chloride, (CH,),P(C,H;)Cl, ob- 
tained in the usual manner from the iodide, is a deliquescent substance. 
When heated above 800° C. it decomposes without melting with forma- 
tion of ethylene and trimethylphosphonium chloride or dimethylethy]l- 
phosphonium chloride : 


(CH;);P(C,H;)Cl = (CH;);PHCl + C,H, 
2(CH,)3P(C,H;)Cl =2(CH,),P(C,H,)HCl + C,H, 


The chloride yields a platinichloride, 2C;H,,PCl1.PtCl,, which crystallises 
from water in octahedra. 

Trimethyl-$-bromoethylphosphonium bromide, CH,Br.CH,. 
P(CH3)3Br,* occurs when trimethylphosphine and an excess of ethylene 
dibromide are heated together in absolute alcohol at 50° to 60° C. 
The crystals are rhombic-bipyramidal.+ It forms a platinichloride, 
2C;H,,Br.P.Cl.PtCl,, orange-yellow needles. 

Trimethyl-$-hydroxyethylphosphonium chloride, CH,OH. 
CH,.P(CH;),Cl.—This chloride is formed when a solution of trimethyl- 
f-bromoethylphosphonium chloride is treated with silver oxide and 
the filtered solution acidified with hydrochloric acid. The platini- 
chloride, 2C;H,,OPCI.PtCl,, crystallises in octahedra, readily soluble 
in water. 

Trimethyl - carboxymethyl - phosphonium chloride, (CH,), 
P(CH,.CO,H)Cl.— This is formed by the condensation of tri- 
methylphosphine and monochloracetic acid.6 It is a deliquescent, 
crystalline mass, yielding an orange-yellow, crystalline platinichloride, 
2C;H,,0,PCI.PtCl,, readily soluble in boiling water. The phosphonium 
iodide, C;H,,0,PI1, forms plates, easily soluble in water. 

Trimethylisoamylphosphonium iodide, C,H,,.P(CH;).I, results 
when trimethylphosphine reacts with isoamyl iodide in ether solution.® 
It crystallises from alcohol in needles. The corresponding chloride 
yields a platinichloride, 2C;H,,P(CH3),Cl.PtCl,, consisting of orange- 
yellow needles, readily soluble in water. 

Triethylmethylphosphonium iodide, (C,H;),P(CH;)I.—Triethyl- 
phosphine and methyl iodide react with explosive violence, so 
that it is necessary to use ether as a solvent in preparing the phos- 
phonium iodide. The methyl iodide may be replaced by methylene 

1 Cahours and Hofmann, Annalen, 1857, 104, 33. 
2 Collie, Trans. Chem. Soc., 1888, 53, 720. 
$ Hofmann, Annalen Suppl., 1861, 1, 282; Phil. Trans., 1860, 1 50, 497. 
‘ Sella, Annalen Suppl., 1861, 1, 283; compare Groth, Ch. Kr., 1, 194. 
6 


Meyer, Ber., 1871, 4, 736 
Cahours and Hofmann, loc. cit. 
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iodide, using a large volume of ether at 100° C., but by-products result 
in this reaction.! The iodide is crystalline and yields the corresponding 
hydroxide when treated with moist silver oxide.’ 

Triethylmethylphosphonium chloride, (C,H;),P(CH,)Cl.—The 
foregoing hydroxide yields the chloride when mixed with hydrochloric 
acid. The chloride gives a platinichloride, 2(C,H;),P(CH,)CI.PtCl,, 
consisting of shining octahedral crystals, insoluble in alcohol or ether, 
but crystallisable from boiling water.* Distillation of the chloride 
gives ethylene and a crystalline distillate which is converted by sodium 
hydroxide into methyldiethylphosphine.* 

Triethyl-8-chloroethylphosphonium chloride, CH,CI.CH,. 
P(C,H;)3Cl,° occurs when triethylphosphine reacts with a large excess 
of ethylene dichloride in the cold. It crystallises in needles and forms 
a platinichloride, 2CH,Cl.CH,.P(C,H;),Cl.PtCl,, separating in orange- 
yellow needles. It is converted to the f-hydroxyethyl compound by 
moist silver oxide. 

Triethyl-8-bromoethylphosphonium bromide, CH,Br.CH,. 
P(C,H;),Br.—The preparation of this compound is similar to that 
of the preceding chloride, the ethylene dichloride being replaced by 
ethylene dibromide. It crystallises from absolute alcohol-ether in 
cubic crystals, decomposing at about 235° C.® Silver chloride converts 
it into triethyl- B-bromoethylphosphonium chloride, and in a similar manner 
the sulphate and nitrate are obtained. Moist silver oxide replaces the 
bromine by hydroayl groups, and heating with silver acetate and water 
at 100° C. transforms the bromide into triethyluinylphosphonium acetate. 
Alcoholic potassium hydroxide decomposes the bromide, and zinc and 
sulphurie acid reduce it to tetraethylphosphonium bromide. On heat- 
ing at 100° C. for thirty minutes with alcoholic ammonia, the hydro- 
bromide of triethyl-B-aminoethylphosphonium bromide is formed, whilst 
trimethylphosphine and triethylarsine give the following compounds 
respectively: BrP(CH,)3.CH,.CH,.P(C,H,;),Br and BrP(C,H;)3.CHg. 
Rilanvs( CoH. ).Br. 

Triethyl-8-bromoethylphosphonium iodide, CH,Br.CH,. 
P(C,H;)31, forms scales, sparingly soluble in cold water, whilst the 
corresponding sulphate crystallises in needles, very soluble in water 
or alcohol. 

Triethyl-8-bromoethylphosphonium chloride, CH,Br.CHg. 
P(C,H;),Cl, is obtained as already described. It forms a double salt 
with auric chloride, CgH,)BrPCl.AuCl;, crystallising in pale yellow 
needles, sparingly soluble in cold water. The  platinichloride, 
2C,H,,BrPCl.PtCl,, consists of orange-yellow, monoclinic prisms,’ 
readily soluble in hot water but sparingly soluble in cold water. 

Triethyl-8-hydroxyethylphosphonium hydroxide, CH,OH. 
CH,.P(C,H;),0H, is prepared by treating triethyl-6-bromoethylphos- 
phonium bromide with silver oxide in the presence of water.® It is a 


1 Hofmann, Jahresber., 1860, p. 342. 

2 Cahours and Hofmann, loc. cit.; Hofmann and Cahours, Quart. J. Chem. Soc., 1859, 
12, 56. 

3 See Groth, Ch. Kr., 1, 479. 

* Collie, loc. cit. 

5 Hofmann, Annalen Suppl., 1861, 1, 276; Phil. Trans., 1860, 150, 497. 

6 Sella, Annalen Suppl., 1861, 1, 156; compare Groth, Ch. Kr., 1, 197; Hofmann, 
Annalen Suppl., 1861, 1, 155. 

7 Sella, loc. cit. 

8 Hofmann, Annalen Suppl., 1861, 1, 164, 165. 
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white, hygroscopic mass, which has a strongly alkaline reaction. It 
decomposes on heating into triethylphosphine oxide and ethylene. 
Triethyl- S-hydroxyethylphosphonium chloride, CH,OH.CH,. 
P(C,H,;),Cl.—Molecular quantities of ethylene chlorhydrin and _ tri- 
ethylphosphine condense to give this chloride when heated together for 
two hours at 150° C. in a sealed tube filled with carbon dioxide.1 The 
product is a white, very hygroscopic crystalline mass, combining with 
auric chloride to form C,H,,OPCI.AuCl,, which crystallises from hot 
water. It melts at 171° to 172° C., and liquefies when heated under 
water. Mercuric chloride forms the double salt C,xH.,O0PCl.HgCl,, M.pt. 
164° C. when crystallised from water. The platinichloride, 2C,H..OPCI. 
PtCl,, forms orange-yellow octahedra from water, M.pt. 221° to 222° C., 
belonging to the regular system.” Triethyl- B-hydroxyethylphosphonium 
iodide crystallises in needles, very soluble in water or alcohol.? 
Triethyl-carboxymethyl-phosphonium chloride,(C,H,),P(CHg. 
CO,H)Cl, is formed when _ triethyl-carbethoxymethyl-phosphonium 
chloride is treated with silver oxide and the anhydride thus produced, 


eS 
(Cy sees ve is mixed with hydrochloric acid.*4 It yields a 


Laie 2C,H,,0,PCI.PtCl,. 

Triethyl-carbethoxymethyl-phosphonium chloride, (C,H;),; 
P(CH,.CO,C,H;)Cl, is the condensation product of monochloracetic 
ester and triethylphosphine. It has only been isolated as a viscous 
mass. 

Triethyl-S-aminoethylphosphonium bromide, BrP(C,H;)s. 
CH,.CH,NH,.—The bromine of the corresponding f-bromoethyl com- 
pound is replaced by the amino-group by heating with alcoholic am- 
monia at 100° C. for thirty minutes.° Treatment with moist silver 
oxide gives the free base as an oil, which is transformed into triethyl- 
vinylphosphonium hydroxide when heated. 

Triethyl - 6 -aminoethyiphosphonium chloride, CIP(C,H;)s. 
CH,.CH,.NH,, is prepared by the usual methods. It forms a compound 
with auric chloride, Cg,H,,NPCI.HC12AuCl,, golden-yellow needles, 
sparingly soluble in water, and with platinic chloride, CgH,,NPCI.HCL. 
PtCl,, yellow rhombic crystals,® sparingly soluble in boiling water. 

Triethyl - 8 - methylaminoethylphosphonium bromide, 
BrP(C,H;),.CH,.CH,.NHCH,, occurs as the hydrobromide when tri- 
ethyl- 8-bromoethylphosphonium bromide is heated with methylamine 
as described already for the $-amino-compound. The bromide is con- 
verted into the hydroxide by silver oxide in the presence of water, 
and the base with hydrochloric acid yields the chloride. The latter 
forms a platunichloride, CgH,,NPCI1.HCI1.PtCl,, crystallising in needles 
and sparingly soluble in water. 

Ethylene -trimethylammonium hydroxide  triethylphos- 
phonium hydroxide, HO.P(C,H;),.CH,.CH,.N(CH,;),0H, is formed 
as bromide hydrobromide when the methylamine in the preceding pre- 
paration is replaced by triethylamine. The base may be isolated in 


1 Partheil and Gronover, Arch. Pharm., 1903, 241, 409. 

Sella, loc. cit. 

Hofmann, loc. cit. 

Hofmann, Jahresber., 1862, p. 334. 

Hofmann, Annalen Suppl., 1861, 1, 290; Phil. Trans., 1860, 150, 497. 
See Groth, Ch. Kr., 3, 59. 
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the usual manner. The chloride yields a platinichloride, C,,H,,NPCl,. 
PtCl,, erystallising in needles. 

Triethyl - 8 - ethylaminoethylphosphonium bromide, 
BrP(C,H;),.CH,.CH,.NHC,H,;.—This is produced when ethylamine 
is used in the foregoing condensation. The solution of the base yields 
the chloride with hydrochloric acid, and the chloride forms a platini- 
chloride, C,)>H,,NPCI.HCI1.PtCl,, which crystallises from water in orange- 
yellow crystals. 

Triethyl - 8 - diethylaminoethylphosphonium bromide, 
BrP(C,H;)3.CH,.CH,.N(C,H;)., is isolated by using diethylamine in 
the foregoing condensation. It forms a base, the chloride of which gives 
a platinichloride, Cy,H 2 >NPCI.HCI.PtCl,, crystallising in plates. 

Triethylhydroxymethylphosphonium iodide, (CHT, 
P(CH,OH)I, is the product of the interaction of methylene iodide 
and triethylphosphine, the reaction being carried out at 100° C. in ether 
solution.! The base may be isolated in the usual manner. 

Triethylchloromethylphosphonium chloride,  (C,H;), 
P(CH,C1)Cl.—Equimolecular quantities of methylene chloride and tri- 
ethylphosphine are heated together at 100° C.? The chloride also 
occurs when chloromethenyl-tris-triethylphosphonium chloride (see 
below) is partially decomposed in aqueous solution.® It yields a platini- 
chloride, 2C,H,,CIPCI.PtCl,, crystallising in needles, sparingly soluble 
in water. 

Triethyliodomethylphosphonium iodide, (C,H;),P(CH,I)I.— 


In the preparation of this compound the methylene chloride in the 


foregoing is replaced by methylene iodide. The iodide crystallises from 
alcohol, and is readily soluble in water, insoluble in ether.* The base, 
obtained by the action of moist silver oxide, is converted to the chloride 
by hydrochloric acid. The chloride gives a platinichloride, 2C,H,,1IPCL. 
PtCl,, separating from boiling water as sparingly soluble needles. 
Methenyl-tris-triethylphosphonium iodide, [(C,H,;),PI],CH, 
is the condensation product of iodoform and triethylphosphine.® It is 
decomposed by moist silver oxide, forming triethylphosphine oxide and 
methyltriethylphosphonium hydroxide. [It crystallises from alcohol, in 
which it is sparingly soluble, is readily soluble in water, insoluble in 
ether. A zinc iodide double salt is known, 2[(C,H;),PI|,CH.ZnI,, a 
crystalline solid, sparingly soluble in water. The chloride forms a 
platinichloride, 2[(C,H,),PCl],;CH.PtCl,, yellow monoclinic prisms from 
hot hydrochloric acid, sparingly soluble in water.® 
Chloromethenyl - tris - triethylphosphonium chloride, 
[(C,H,),PCl],CCl.—Triethylphosphine and tetrachloromethane react 
in ether solution to give this chloride as a very hygroscopic mass.’ 
Its aqueous solution partially decomposes with formation of triethyl- 
chloromethylphosphonium chloride. It forms a  platinichloride, 
2[(C,H,;),PCl],CC1.3PtCl, Replacement of tetrachloromethane by tetra- 
bromomethane yields bromomethenyl-tris-triethylphosphonium bromide. 
Triethyl-n-propylphosphonium chloride, C,;H,.P(C,H;)3Cl, is 
1 Hofmann, Jahresber., 1860, p. 342. 
Hofmann, ibid., 1861, p. 487. 
Hantzsch and Hibbert, Ber., 1907, 40, 1516. 
Hofmann, Jahresber., 1860, p. 341. 
Hofmann, ibid., 1859, 377. 
Compare Groth, Ch. Kr., 3, 44. 
Hantzsch and Hibbert, loc. cit. 
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prepared from triethylphosphine and propyl chloride by heating them 
together at 180° C.4 It is decomposed by heat into ethylene and diethy]- 
propylphosphine. It forms a platinichloride, 2C,H,,PC1.PtCl,. 

Triethylisoamylphosphonium iodide, C,;H,,.P(C,H,)3I, is pre- 
pared from its components in the usual manner.” The reaction takes 
several days to complete in the cold and the iodide separates from the 
ether solution in shining crystals. The corresponding chloride is formed 
by heating an excess of zsoamyl chloride with triethylphosphine at 
130° C. ; it is deliquescent and difficult to crystallise ; ? heat decomposes 
it into ethylene and diethylisoamylphosphine. The chloride forms a 
platinichloride, 2C,H,,.P(C,H;),Cl.PtCl,, crystallising in prisms, some- 
what soluble in water but sparingly soluble in alcohol. 

Triethylvinylphosphonium bromide, CH,:CH.P(C,H;),Br.— 
This compound is obtained when triethyl- §-bromoethylphosphonium 
bromide is heated at 200° C.4 The corresponding hydrowide occurs 
when a concentrated solution of triethyl- 8-hydroxyethylphosphonium 
hydroxide is evaporated over a naked flame; it may also be prepared 
by heating ethylene-bis-triethylphosphonium hydroxide at 200° C. or 
by heating triethyl- B-aminoethylphosphonium hydroxide. The chloride 
yields a platinichloride, 2C,H,gPCl.PtCl,, crystallising in octahedra. 
An acetate may be isolated by heating triethyl- 8-bromoethylphos- 
phonium bromide with silver acetate and water at 100° C. 

Triethylallylphosphonium iodide, CH,:CH.CH,.P(C,H,).3I, is 
the condensation product of allyl iodide and triethylphosphine. It 
erystallises from alcohol in needles.® 

Tri-n-propylmethylphosphonium iodide, (C,H,),(CH;)PI, pre- 
pared from tri-n-propylphosphine and methyl iodide, melts at 212-5° C.® 

Tri-n-butyilmethylphosphonium iodide, (C,H,),(CH,)PI, owing 
to the violence of the direct action between methyl iodide and the 
phosphine, is most conveniently prepared by mixing dilute ether 
solutions of the reactants; the white crystalline precipitate, M.pt. 
133-5° C., is purified by washing with ether.’ 

Tri-n-butylethylphosphonium iodide, (C,H,)3(C,H,;)PI, melts 
Stoloe cl. 

Tri-isoamylmethylphosphonium iodide, (C,;H,,),(CH;)PI, is 
precipitated as an oil which solidifies on keeping.® 

Dimethyldiethylphosphonium iodide, (CH,),P(C,H,;),I, _ is 
obtained by treating methyldiethylphosphine with methyl iodide.® 
The corresponding chloride decomposes when heated into ethylene and 
a distillate which yields dimethylethylphosphine when treated with 
sodium hydroxide. The chloride forms a platinichloride, 2C,H,,PCI. 
ECs 

Methylethylisopropylisobutylphosphonium iodide, (CH,),CH. 
CH,.P(CH;)(C,H,)[CH(CH,).,|I, is a crystalline compound, isolated 

1 Collie, Trans. Chem. Soc., 1888, 53, 720. 

* Cahours and Hofmann, Annalen, 1857, 104, 27; Hofmann and Cahours, Quart. J. 
Chem. Soc., 1859, 12, 56. 

3 Collie, loc. cit. 

4 Hofmann, Annalen Suppl., 1861, 1, 174; Jahresber., 1860, p. 338; Phil. Trans., 
1860, 150, 449. | 

5 Hofmann, Annalen Suppl., 1861, 1, 52. 

§ Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 

7 Davies and Jones, J. Chem. Soc., 1929, p. 33. 

8 Davies, Pearse and Jones, loc. cit. 

® Collie, loc. cit. 
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from the interaction of ethylisopropylisobutylphosphine with methyl 
iodide. 3 | 

Methyltri-isobutylphosphonium iodide, [(CH,),CH.CH,], 
P(CH,)I, is the condensation product of trizsobutylphosphine and 
methyl iodide ; it may be recrystallised from water. 


Nitrogen-Phosphorus Phosphonium Compounds. 

Triethylamine-N-methylphosphonium iodide,” [(C,H;).N|; 
P(CH,)I, is a colourless oil, soluble in water, insoluble in ether. 

Diethylamine - N - ethoxymethylphosphonium iodide, 
[(C,H;),.N],P(OC,H;)(CH3;)I, is an oil, boiling at 145° to 148° C. at 
22 mm. 

Tri - n - propylamine - N - methylphosphonium iodide, 
[(C,H,),.N],P(CH3;)I, forms white needles, M.pt. 83° to 84° C., readily 
soluble in water or alcohol. 

Tri - isopropylamine - N - methylphosphonium iodide, 
[(C,H,),.N],P(CH3;)I, yields white needles, M.pt. 138° C. 

Di-sec.-propylamine-N-ethoxymethylphosphonium iodide, 
[(C,H,),N],P(OC,H;)(CH3)I, is readily soluble in water and may be 
converted into the dipropylamide of methylphosphinic acid, CHs. 
PO[N(C3H,)e|., boiling at 176° to 180° C. at 25 mm. 

Di - isobutylamine - dipiperidine - N - methylphosphonium 
iodide, [(C,H,),.N],P(C;Hi oN ).(CH3)I, is an oil. 

Di-isobutylamine-N-phenoxymethylphosphonium iodide, 
[(C,H,),.N],P(OC,H;)(CH;)I, crystallises in needles, M.pt. 182° C., 
soluble in alcohol, insoluble in ether. 


Phosphonium Compounds containing Two Atoms of Phosphorus. 


Methylene-bis-triethylphosphonium chloride or Methylene- 
hexaethyldiphosphonium dichloride, Cl(C,H,;),P.CH,.P(C.H;),Cl,? 
occurs when two molecular proportions of triethylphosphine react with 
one molecular proportion of methylene chloride. The product is a 
crystalline mass, decomposed by water with formation of methyltri- 
ethylphosphonium chloride, triethylphosphine oxide and hydrochloric 
acid. 

Ethylene-bis-trimethylphosphonium bromide, BrP(CHsg)3. 
CH,.CH,.P(CH;),Br.—To produce this bromide, ethylene dibromide 
is heated with an excess of trimethylphosphine.* Its crystals are 
monoclinic-prismatic > and are very deliquescent. The corresponding 
chloride gives a platinichloride, CgH..P.Cl,.PtCl,, golden yellow plates 
from boiling hydrochloric acid, insoluble in water. The zodide forms 
sparingly soluble needles. 

Ethylene-trimethylphosphonium hydroxide triethylphos- 
phonium hydroxide, HO.P(CH,) 3.CH,.CH,.P(C,H;),0H.—This base 
is obtained by treating the corresponding dibromide with silver oxide 
in the presence of water. The dibromide is the product of the inter- 
action of trimethylphosphine and triethyl-8-bromoethylphosphonium 


1 Hofmann, Ber., 1873, 6, 301. 

2 Michaelis and Mottek, Annalen, 1903, 326, 163. 

3 Hofmann, Jahresber., 1861, p. 487. 

4 Hofmann, Annalen Suppl., 1861, 1, 287; Jahresber., 1860, p. 340. 
5 Sella, Annalen Suppl., 1861, 1, 288; see Groth, Ch. Kr., 3, 58. 
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bromide. The dichloride forms a platinichloride, C,,H P,Cl,.PtCl,, 
crystallising from boiling water in pale yellow scales. 
Ethylene-bis-triethylphosphonium bromide, BrP(C,H;)5.CH,. 
CH,.P(C,H,;),Br, is obtained by the interaction of two molecular 
equivalents of triethylphosphine and one molecular equivalent, of 
ethylene dibromide in ether solution. It crystallises in needles, readily 
soluble in absolute alcohol, insoluble in ether.t| An aqueous solution of 
the base is formed by treating the bromide in water with silver oxide ; 
evaporation yields a thick syrup which absorbs carbon dioxide from the 
air. When decomposed by heat above 160° C. the base yields triethyl- 
phosphine, triethylphosphine oxide and ethylene. The bromide forms 
an addition product with silver bromide. 
Ethylene-bis-triethylphosphonium chloride, CIP(C,H;),.CH,. 
CH,.P(C,H;),Cl, is isolated when triethylphosphine and ethylene di- 
chloride are heated together at 120° C. It forms highly deliquescent 
plates, soluble in water or alcohol. It yields the following double salts : 
C,,H,,P.Cl,.2AuCl,, yellow needles, readily soluble in boiling water, 
sparingly in cold water; 2C,,H,,P,Cl,.3HgCl,, needles or plates, 
sparingly soluble in water or alcohol; C,,H,,P,Cl,.PtCl,, orange-red 
monoclinic crystals from hydrochloric acid, insoluble in boiling water.? 
Ethylene-bis-triethylphosphonium iodide, IP(C,H;),.CH,.CH,. 
P(C,H;),I, crystallises from boiling water in needles, M.pt. 231° C., 
readily soluble in hot water, sparingly soluble in alcohol and insoluble 
in ether ; 100 parts of water at 100° C. dissolve 458-3 parts of the iodide ; 
at 12° C. only 3-08 parts of the salt dissolve. The double sali with zine 
iodide, C,,H,,P,I,.Zn1,, crystallises from hot water in long needles. 


COMPOUNDS DERIVED FROM THE ACTION OF HYDROGEN 
PHOSPHIDE ON FORMALDEHYDE. 


Tetrahydroxytetramethylphosphonium chloride,? (CH,OH), 
PCl, is formed when hydrogen phosphide is passed into a warm 
aqueous solution of formaldehyde acidified with hydrochloric acid. 
It melts at 151° C., and with alkali hydroxides or carbonates re- 
action takes place in two stages, hydrogen (1 mol.) and formaldehyde 
(1 mol.) being liberated at each stage. Sodium hydroxide or carbonate 


below 80° C. and barium carbonate at 100° C. give trihydroxytrimethyl- 


phosphine oxide, the tribenzoate of which melts at 110° C. 
Dihydroxydimethylphosphinic acid, (CH,OH),PO(OH), is 
isolated in the form of its bariwm salt when the foregoing phosphonium 
chloride is boiled with aqueous barium hydroxide solution until evolution 
of hydrogen ceases. The salt forms well-developed crystals, moderately 
soluble in water, insoluble in alcohol. 
Tetrachlorotetramethylphosphonium chloride, (CH,Cl),PCl.— 
Tetrahydroxytetramethylphosphonium chloride and phosphorus penta- 
chloride react when boiled together for four hours in carbon tetra- 
chloride solution to give the tetrachloro-compound. It consists of 
white crystals, M.pt. 192° to 193° C., readily soluble in water, but not 
hygroscopic. In alcohol it is readily soluble, sparingly soluble in ethyl 
acetate, chloroform and carbon tetrachloride. The dry compound is 
1 Hofmann, Annalen Suppil., 1861, 1, 177; Phil. Trans., 1860, 150, 449. 
2 See Sella, Annalen Suppl., 1861, 1, 197. 


* Hofiman, J. Amer. Chem. Soc., 1921, 43, 1684. 
4 Hoffman, zbid., 1930, 52, 2995. 
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odourless, but the aqueous solution has a distinct odour due to hydrolysis 
and breaking up of the phosphonium hydroxide into the phosphine. 
Trichlorotrimethylphosphine, (CH,Cl);P, occurs when the 
preceding compound is hydrolysed by alkalis or sodium hydrogen 
carbonate. It boils at 100° C. at 7 mm., density 1-414 at 20°C. It is 
stable in air but is oxidised by nitric acid (density 1-2) to trichlorotro- 
methylphosphine owide, (CH,Cl),PO, M.pt. 78° C., a hydrate containing 
0-5 mol. of water melting at 88° to 89° C. . This oxide with sodium 
benzoate at 200° C. gives tribenzoyloxytrimethylphosphine oxide. 


CoMPOUNDS OF THE TyPE RPCIl,. 


These compounds are best obtained by heating a mixture of mercury 
dialkyl and phosphorus trichloride in a sealed tube for six hours at 250°C. 
The compounds are clear mobile liquids of sharp, unpleasant odour, 
decomposed by water and coloured yellow in the presence of moisture.? 
The reaction takes the following course, but if a higher temperature than 
that stated above is used, the alkylmercuric halides formed in the reaction 
are decomposed : 


R,Hg + PCl, =RHegCl + RPCI, 


The following derivatives have been isolated : Hthyldichlorophosphine, 
B.pt. 114° to 117° C., density 1-:2952 at 19° C.; n-propyldichloro- 
phosphine, B.pt. 140° to 148° C., density 1:1771 at 19° C.; «sopropyl- 
dichlorophosphine, B.pt. 185° to 188° C., density 1-:2181 at 238° C.; 
isobutyldichlorophosphine, B.pt. 155° to 157° C., density 1:1286 at 
23° C.; tsoamyldichlorophosphine, B.pt. 180° to 188° C., density 1-1024 
at 23° C. 

When the foregoing compounds are treated with chlorine, they 
yield tetrachlorides of the type RPCl,. These are yellowish-white 
substances resembling phosphorus pentachloride in appearance and 
rapidly changing to oxychlorophosphines in the air. They form double 
compounds with inorganic halides, e.g. SbCl; gives RPCl,.SbCI,. Bromine 
vapour yields white hygroscopic solids of the type RPCI,Br,. Sulphur 
dioxide converts the tetrachlorides into oxychlorides of the type 
RPOCI,, and these derivatives are dealt with in the section on phos- 
phinic acids. The alkyldichlorophosphines, when heated in a sealed 
tube for two to three hours with sulphur at 120° to 125° C. yield trans- 
parent, yellow liquids of pungent odour, which are stable in the presence 
of water and have the general formula RPSCI,; the following com- 
pounds are known: ethylthiodichlorophosphine, B.pt. 80° to 82° C. at 
50 mm., density 1-8606 at 70° C.; n-propylthiodichlorophosphine, B.pt. 
95° to 98° C. at 50 mm., density 1:2854 at 20° C.; isobutylthiodichloro- 
phosphine, B.pt. 110° to 118° C. at 50 mm., density 1-:2515 at 90°C. s 
isoamylthiodichlorophosphine, B.pt. 180° to 132° C. at 50 mm., density 
1:1771 at 20 mm. 


CoMPOUNDS OF THE TyPpE RP(OH),. 


The following alkylphosphinous acids of the general formula 
RP(OH), are obtained by the action of water on the corresponding 
alkyldichlorophosphines. They are colourless syrups, solidifying below 
0° C., moderately soluble in water. They are monobasic and are some- 


1 Guichard, Ber., 1899, 32, 1572; compare Michaelis, Ber., 1880, 13, 2174. 
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times given the alternative structure O=PH(R)OH.! The densities 
of the known acids are as follows: ethylphosphinous acid, 1-2952 at 
19° C.; n-propylphosphinous acid, 1:1418 at 18° C.; itsopropylphos- 
phinous acid, 1:1891 at 19° C.; <wsobutylphosphinous acid, 1-0740 at 
23° C. ; tsoamylphosphinous acid, 1:0618 at 23° C. The alkali salts 
of the acids readily dissolve in water, but the alkaline earth, lead and 
iron salts are insoluble. The ethyl-acid is decomposed by heat into 
ethylphosphine and ethylphosphinic acid, and at 60° to 135° C. the 
isoamyl-acid yields isoamylphosphine and isoamylphosphinic acid. The 
ammonium salt of the isoamyl-acid crystallises in fine needles, readily 
soluble in water or alcohol; the iron salt is a white precipitate. 


CoMPOUNDS OF THE TyPE RPO(OH)),. 
These acids may be obtained in several ways : 
(1) Pure primary phosphines are oxidised directly by fuming nitric 
acid. | 
(2) The corresponding alkylphosphinous acids are oxidised by nitric 


acid. 
(3) By treating the compounds RPCI, and RPOCI, with water. 


The last two methods are the most general ones, but several special- 
ised methods have been devised for specific cases. 

The acids are solids, the lower members being deliquescent. They 
readily form salts, and treatment with phosphorus pentachloride yields 
the oxychlorides, RPOCI,, which are also formed when the tetrachlorides 
RPC, are allowed to react with sulphur dioxide. ° | 

Methylphosphinic acid, CH,;.PO(OH),, may be prepared in 
several ways: (1) A slow stream of pure methylphosphine is passed 
into fuming nitric acid; the gas must contain no free phosphine or 
explosion occurs. The liquid is evaporated several times on the water- 
bath to remove nitric acid and the residue is then boiled with lead oxide 
to remove phosphoric acid. The lead salts are treated with acetic acid, 
when the phosphinate dissolves, leaving the phosphate as a residue. 
The acetic acid solution is treated with hydrogen sulphide, which re- 
moves the lead as sulphide, and the filtrate on evaporation on the water- 
bath gives an oil which solidifies on cooling. (2) Diphenyl phosphite 
and 1 molecular equivalent of methyl iodide are heated together on the 
water-bath for forty-eight hours. The resulting product is shaken with 
dilute sodium hydroxide solution, when diphenyl methylphosphinate 
results. This ester is then saponified by means of alcoholic potassium 
hydroxide or fuming nitric acid. (3) By heating triethyl phosphite 
with methyl iodide at 220° C., the chief by-products being ethyl iodide 
and ethylene, and small quantities of phosphorous and phosphoric acids. 

The crystals of the acid are hygroscopic, M.pt. 105° C., readily 
soluble in water or alcohol, less soluble in ether, unaffected by fuming 
nitric acid. The silver salt, CH;.PO(OAg),, is a white, amorphous 
precipitate, insoluble in water; the lead salt, CH;.PO,Pb, is a white 
amorphous powder, insoluble in water or acetic acid; the barium salt, 
CH,.PO,Ba, forms microscopic needles from dilute alcohol, readily 
soluble in water. The diethyl ester of the acid, CH;.PO(OC,H;)., is 

1 Guichard, Ber., 1899, 32, 1572. 


2 Hofmann, Ber., 1872, 5, 104. 
3 Michaelis and Kahne, Ber., 1898, 31, 1050. 
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obtained by the interaction of methyl iodide and triethyl phosphite at 
room temperature;! it is a liquid of pleasant odour, B.pt. 192° to 
194° C, at 763 mm., density 1-:0726 at 0° C., 1:0508 at 23° C., and is 
readily soluble in water. Methylphosphinic acid reacts with two 
molecular equivalents of phosphorus pentachloride to yield an acid 
chloride, CH,;.POCI,, a crystalline compound, M.pt. 32° C., B.pt. 
168° C;? it is decomposed by water into methylphosphinic and 
hydrochloric acids, and with alcohol it yields methylphosphinic acid 
and ethyl chloride. The diethylamide of methylphosphinic acid, CH. 
PO[N(C,H;).|,, is formed by decomposing diethylamine-N-ethoxy- 
phosphine methiodide, [(C,H;),.N],P(CH,I)OC,H;. It is a colourless, 
aromatic oil,? B.pt. 145° to 148° C. at 22 mm., dissolving easily in 
alcohol or ether, sparingly soluble in water. The dipropylamide, 
CH,.PO[N(CH,.CH,.CH3).]., is the decomposition product of dipro- 
pylamine-N-ethoxyphosphine methiodide ; it boils at 176° to 180° C. 
at 25 mm. and is soluble in ether. 

Ethylphosphinic acid, C,H;.PO(OH),, is prepared as follows: 
(1) By the oxidation of ethylphosphine with nitric acid. (2) By 
treating ethyldichlorophosphine with water and evaporating the re- 
sulting mixture with fuming nitric acid.®> (8) The oxidation of ethyl- 
phosphinous acid by nitric acid yields the phosphinic acid.® (4) The 
compounds C,H;.PCl, and C,H;.POCl, are converted into ethyl- 
phosphinic acid when treated with water. 

Ethylphosphinie acid yields hygroscopic crystals, M.pt. 44° C., 
very soluble in water; it can be distilled without decomposition.’ 
Its silver salt, C,H;.PO(OAg),, is a yellow, amorphous powder, insoluble 
in water or alcohol. The diethyl ester is formed by warming sodium 
diethyl phosphite with ethyl iodide,® or by treating the oxychloride, 
C,H,.POCI,, with sodium ethylate. The ester is a transparent liquid, 
B.pt. 90° to 95° C. at 20 mm. or 198° C. at 760 mm., density 1-025 at 
21° C.; it has an odour resembling that of apples, and its aqueous 
solution does not reduce mercuric chloride. The oxychloride, C,H,. 
POCI,, is obtained by the action of water on the tetrachloride, C,H;. 
PCl,,° or by treating the tetrachloride with sulphur dioxide.’ It 
boils normally at 175° C. or at 75° to 78° C. at 50 mm., and has a density 
of 1-:1883 at 20° C. Water converts it into ethylphosphinic acid, and 
sodium ethylate yields the diethyl ester of ethylphosphinic acid. 

n-Propylphosphinic acid, CH,.CH,.CH,.PO(OH),, occurs when 
the corresponding phosphinous acid is oxidised by nitric acid or the 
tetrachloride decomposed by water.!1 It is isolated in the form of 
hygroscopic scales, soluble in water and melting at 66° C. The diethyl 
ester is the product of the interaction of propyl bromide and triethy] 
phosphite at about 160° C. ; }? it is a liquid, B.pt. 86° to 88° C. at 8-5 mm., 

1 Arbusoff, J. Russ. Phys. Chem. Soc., 1906, 38, 687; Chem. Zentr., 1906, ui, 1640. 
Hofmann, Ber., 1873, 6, 306. 

Michaelis and Moéttek, Annalen, 1903, 326, 164. 
Hofmann, Ber., 1872, 5, 110. 

Michaelis, Ber., 1880, 13, 2175. 

Guichard, Ber., 1899, 32, 1572. 

Hofmann, loc. cit. 

Michaelis and Becker, Ber., 1897, 30, 1003. 
Michaelis, loc. cit. 

10 Guichard, loc. cit.; Michaelis and Becker, loc. cit. 
11 Guichard, loc. cit. 

12 Arbusoff, loc. cit. 
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density 1:0467 at 0° C. or 1:0291 at 19°C. The oxychloride, C;H7.POCI,, 
results when the tetrachloride, C,H,.PCl,, is treated with sulphur 
dioxide ; it boils at 88° to 90° C. at 50 mm., and has a density of 1-3088 
at 20° C. 

iso-Propylphosphinic acid, (CH,),CH.PO(OH),.—This acid may 
be obtained by the two methods just described for the normal acid 
or by the oxidation of isopropylphosphine in hydrochloric acid solution 
with nitric acid.t It is a white, paraffin-like mass, M.pt. 71° C.,? 
forming a silver salt, C,;H,.PO(OAg),, a white, amorphous precipitate. 
The oxychloride, C;H,.POCI,, boils at 82° to 84° C. at 50 mm., and has 
a density of 1-3018 at 20° C. 

iso-Butylphosphinic acid, (CH,),.CH.CH,.PO(OH)., is prepared 
by similar methods to the preceding compounds. It crystallises in 
scales, M.pt. 124° C., and yields a s¢lver salt as a white precipitate. 
The corresponding oxychloride, C,H y.POCI,, is a liquid, B.pt. 104° to 
108° C. at 50 mm., density 1-2333 at 20° C. The phenyl hydrazide of 
the thio-acid, CyH».PS(N,H,C,H;),, forms white leaflets, M.pt. 128° C. 

iso-Amylphosphinic acid, C,;H,,.PO(OH),, can be prepared by 
the general methods, and also occurs when ztsoamylphosphinous acid 
is heated at 60° to 135° C., zsoamylphosphine being formed as a by- 
product. It crystallises in plates, M.pt. 160° C.,? 166° C.,* sparingly 
soluble in cold water, readily soluble in hot water or alcohol. It gives 
an amorphous silver salt of normal constitution. An anhydride of the 
acid, C;H,,PO,, may be prepared by boiling the oxychloride, C;H4,. 
POCI,, with the acid in dry light petroleum; the resulting product 
consists of small, hard crystals, M.pt. 122° C., readily soluble in benzene. 
The oxychloride is a liquid, B.pt. 122° to 125° C. at 55 mm., density 
1-1883 at 20° C. The phenyl ester of isoamylphosphinic acid is a heavy 
liquid, undecomposed by water, and the phenyl hydrazide, C,H). 
PO(N,H.C,H;)., is a light, white powder, M.pt. 134° to 135° C., readily 
soluble in alcohol or ether. Isoamylthiophosphinic acid has not been 
isolated in the pure state, but its diethyl ester is known, C,H,,.PS(OC.H;)>. 
This is formed by the action of alcoholic sodium ethylate on the thio- 
chloride C;H,,.PSCl,.° Itis a pale yellow liquid of peculiar odour, B.pt. 
250° to 255° C., density 0:9848 at 20° C. 

n-Heptylphosphinic acid, CH,.(CH,);.CH,.PO(OH),.—This acid 
is formed by heating a-hydroxy-n-heptylphosphinic acid with 10 parts 
of fuming hydriodic acid at 200° C.® It melts at 106° C., and with a 
little water swells up into a gelatinous mass. It is soluble in alcohol, 
ether and petroleum ether. 


Hydroxyalkylphosphinic Acids. 

The following is a general method of preparation for hydroxyphos- 
phinic acids:? Phosphorus trichloride (at least a 10 per cent. excess) 
is added to the carbonyl compound (aldehyde or ketone) below 35° C. ; 
sometimes cooling is necessary. The mixture is protected from moisture 

1 Hofmann, Ber., 1873, 6, 303. 


2 Guichard, loc. cit. 

3 Hofmann, loc. cit.; compare Auger, Compt. rend., 1904, 139, 639; Fossek, Monatsh., 
1886, 7, 20. 

4 Guichard, loc. cit. 

5 Guichard, loc. cit. 

6 Fossek, loc. cit. 

? Conant, MacDonald and Kinney, J. Amer. Chem. Soc., 1921, 43, 1928. 
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and allowed to stand for two to three hours. A slight excess of glacial 
acetic acid is then added, the temperature being maintained at 20°.to 
30° C. After twelve hours the mixture is poured into 300 c.c. of ice- 
water and the whole vigorously shaken. The solution is then evaporated 
and the gum allowed to crystallise, which may take from one to fourteen 
days. The mass is then dried on a plate and finally in a vacuum 
desiccator over sodium hydroxide. In cases where no crystallisation 
takes place, the lead salt is prepared as follows: The gum is dissolved 
in about 200 ec.c. of water, making strongly alkaline with ammonium 
hydroxide, and magnesium nitrate added. After standing overnight 
the precipitated magnesium ammonium phosphate is removed, the 
solution diluted to 500 c.c., made faintly acid with acetic acid and 
heating to boiling. A solution of lead acetate or nitrate is then added 
in excess and the whole boiled for five to ten minutes, then filtered. 
The lead salt is washed with boiling water and dried, the product thus 
obtained being free from phosphate and practically free from chloride. 

Hydroxymethylphosphinic acid, HO.CH,.PO(OH),.—This acid 
is said to result from the interaction of trioxymethylene and phosphorus 
trichloride.! It ecrystallises in white, rectangular plates, very hygro- 
scopic and deliquescent, and it is a dibasic acid. The following salts are 
known: barium salt, pearly plates; silver salt, white amorphous 
powder; pyridinium salt, HO.CH,.PO(OH),.C;H;N, glistening needles, 
M.pt. 105° C. ; calcium, lead and zinc salts, white, amorphous powders ; 
copper salt, pale blue; ferric salt, pale yellow; calcium and bariwm 
hydrogen salts cannot be obtained in solid form. 

a-Hydroxyisopropylphosphinic acid, (CH,),.C(OH).PO(OH),, 
may be isolated as follows: (1) By the general method already given, 
the yield being about 91 per cent.? (2) It occurs in small quantities 
in the interaction of acetone and crystallised hypophosphorous acid, 
the main product of the reaction being hydroxyisopropylhypophos- 
phorous acid. (3) Hydroxyisopropylhypophosphorous acid may be 
oxidised to the phosphinic acid in the following manner:? The lead salt 
is dissolved in water and the lead removed by passing in hydrogen 
sulphide and filtering off the lead sulphide. Dissolved hydrogen 
sulphide is driven off by heating the solution, and two molecular 
equivalents of mercuric chloride added. The excess of the latter is 
removed by hydrogen sulphide, the filtrate evaporated to dryness and 
the residue recrystallised from acetic acid. White, air-stable crystals 
result, melting with decomposition at 175° C.+ 

The acid dissolves in water and aqueous acetone, is less soluble in 
alcohol and ethyl acetate, sparingly soluble in anhydrous acetone, and 
insoluble in ether, chloroform, carbon disulphide and ligroin. It is 
monobasic towards methyl orange, dibasic towards phenolphthalein. 
The aqueous solution on prolonged boiling with dilute acid is decom- 
posed, but it is stable towards alkali. A number of salts is known: 
sodium salt, NaC;H,0,P.6H,O, decomposed above 210° C. with evolu- 
tion of phosphine;° sodium salt, NaC,H,0,P.4H,0, efflorescent, and 


1 Page, Trans. Chem. Soc., 1912, ror, 423. 

2 Conant, MacDonald and Kinney, loc. cit. 

8 Marie, Compt. rend., 1901, 133, 121; ibid., 1902, 134, 847; Ann. Chim. Phys., 1904, 
Psp 3, 347,371. 

4 Conant, MacDonald and Kinney give the melting-point as 167° to 169° C.; compare 
Fossek, Monatsh., 1886, 7, 20. 

5 Marie, Compt. rend., 1902, 134, 994; Ann. Chim. Phys., 1904, [8], 3, 376, 380. 
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unlike the preceding salt not precipitated from its aqueous solution by 
alcohol; it loses its water of crystallisation at 100° C. and evolves 
phosphine above 220° C.; copper salt, Cu(C,;H,0,P),..2C,H;OH, pale 
blue plates, efflorescing in air and losing its alcohol at 100° C., the colour 
changing to white ; copper salt, CuC,H,O,P.H,O, greenish-blue needles, 
becoming green and anhydrous at 150° C., insoluble in water; silver 
salt, Ag,C,H,O,P, a white, crystalline precipitate, readily soluble in 
nitric acid ; lead salt, plates, soluble in about 3000 parts of hot or 1000 
parts of cold water, very soluble in dilute nitric acid. The dimethyl ester 
is prepared by treating the silver salt of the acid with methyl iodide.} 
It forms colourless crystals, M.pt. 76° C., losing acetone when distilled 
in vacuo. The diethyl ester melts at 14° to 15° C., and boils at 145° C. 
at 20 mm. with slight decomposition ; it behaves in a similar manner 
to the dimethyl ester when heated 7m vacuo. The diphenyl ester may 
be obtained in the following manner: 10 grams of diphenoxychloro- 
phosphine are treated with 2-5 grams of acetone. Heat is evolved 
during the process and 6 c.c. of glacial acetic acid are added and the 
whole allowed to stand for twelve hours. The mixture is then poured 
into water, the ester dissolved in ether, and the ether evaporated off. 
The resulting pasty mass, after drying on a porous plate, is recrystallised 
from petroleum ether, 4-5 grams of the compound, M.pt. 113° to 114° C., 
being isolated. The acetyl derivative of the diphenyl ester melts at 
72° to 725° CL 
a-Hydroxy-a-methylpropylphosphinic acid or /-Hydroxy- 
isobutylphosphinic acid, (CH,)(C,H;)C(OH).PO(OH),, is best ob- 
tained by the general method of preparation. It also occurs along with 
hydroxybutylhypophosphorous acid when methyl ethyl ketone reacts 
with hypophosphorous acid or when hydroxybutylhypophosphorous 
acid is oxidised by bromine.? It crystallises from methyl alcohol or 
acetone in plates, M.pt. 158° to 159° C.,* readily soluble in water, alcohol 
or hot acetic acid, sparingly soluble in chloroform or acetone, insoluble 
in -ether.” It yields a’ benzoyl ~derwative: The lead sali, 9G ae 
C(PO,Pb)OH.CH,, is insoluble in water, moderately soluble in con- 
centrated nitric acid. The diphenyl ester is obtained by the interaction 
of 3 grams of methyl ethyl ketone, 10 grams of diphenoxychlorophos- 
phine and 8 c.c. of glacial acetic acid. The reaction is complete in 
about two days at room temperature,’ about 5 grams of ester being 
obtained, M.pt. 128-5° C. 
a-Hydroxy-a-methylbutylphosphinic acid, (CH,)(C,H,)C(OH). 
PO(OH),, is formed by the oxidation of the corresponding hypophos- 
phorous acid with bromine.® It separates from acetone as a colourless, 
crystalline mass, M.pt. 139° to 140° C., soluble in the usual organic 
solvents with the exception of ether. 
a-Hydroxy-a-ethylbutylphosphinic acid, (C,H;)(C,;H,)C(OH). 
PO(OH),, is isolated in the form’ of its lead salt when ethyl propyl 
ketone is used in the general process for preparing hydroxyphosphinic 
acids.’ 
1 Marie, Compt. rend., 1902, 135, 106; Ann. Chim. Phys., 1904, [8], 3, 383. 
2 Conant, Wallingford and Gandheker, J. Amer. Chem. Soc., 1923, 45, 762. 
3 Marie, Compt. rend., 1903, 136, 234; Ann. Chim. Phys., 1904, [8], 3, 391. 
4 Compare Fossek, Monatsh., 1884, 5, 627. 
5 Conant, Wallingford and Gandheker, loc. cit. 
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Marie, Compt. rend., 1903, 136, 509; Ann. Chim. Phys., 1904, [8], 3, 395. 
Conant, MacDonald and Kinney, loc. cit. 
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a-Hydroxyisoamylphosphinic acid, (CH;),CH.CH,.CH(OH). 
PO(OH),, may be prepared in three ways: (1) Phosphorus trichloride 
(1 gram-molecule) is carefully added to four molecular equivalents of 
wsovaleraldehyde and the unstable oil which results is decomposed with 
twenty times its weight of water. Two layers are obtained, the upper 
one containing two-thirds of the aldehyde employed, the lower one 
containing a solution of the hydroxyphosphinic acid.!_ (2) By heating 
tsovaleraldehyde with hypophosphorous acid and oxidising the reaction 
product with bromine.” (3) By heating isovaleraldehyde with phos- 
phorous acid. 

The acid crystallises in hexagonal plates when its alcohol solution 
is slowly evaporated ; the crystals sinter at 188° to 184° C. and melt 
at 191° C. Dry distillation of the product yields isovaleraldehyde, 
phosphine and phosphoric acid. The acid is incompletely decomposed 
by nitric acid or aqua regia, and is not attacked when boiled with 
aqueous alkalis. Potassium permanganate converts it into isovaler- 
aldehyde and phosphoric acid, and hydriodic acid reduces it to isoamy]- 
phosphinic acid. Phosphorus pentachloride reacts to form a trichloride, 
(CH,),CH.CH,.CHCI.POCI,, a syrupy liquid, B.pt. 106° to 109° C. at 
12 mm. Water converts this chloride into chloroisoamylphosphinic acid, 
(CH,),CH.CH,.CHCl.PO(OH),, a white precipitate, insoluble in water. 
This chloro-acid on solution in alcohol and subsequent evaporation 
yields a diethyl ester as a yellowish oil. The following salts of a-hydroxy- 
isoamylphosphinic acid are known: acid barium salt, (C;H,,0,P),Ba, 
stellate groups from water; normal barium salt, C;H,,0,PBa.2H,O, 
white crystalline powder, more soluble in cold than in hot water ; the 
calcium salts are similar to those of barium; silver salt, C;H,,0,PAg., 
white caseous precipitate ; lead salt, C;H,,0,PPb, resembling silver salt. 

a - Hydroxy -n-heptylphosphinic acid, CH,[CH,],CH(OH). 
PO(OH),, is the result of the interaction of phosphorus trichloride and 
cenanthol.? It separates from water in monoclinic crystals,‘ sintering 
at 165° C. and melting at 185° C.> It is insoluble in hot water and 
sparingly soluble in cold water. The calciwm salt, C,H,,;0,PCa, is 
a white precipitate. Reduction by hydriodic acid converts the hydroxy- 
acid to n-heptylphosphinie acid. 

a - Hydroxy - a - methyl - 6 - dimethylpropyiphosphinic acid, 
(CH,),C.C[ PO(OH),|OH.CH,, is only known in the form of its lead 
salt. The latter is very hygroscopic and is produced by the general 
method, pinacolin being the carbonyl compound employed.® 

a-Hydroxy-a-methyl-§-chloroethylphosphinic acid occurs in 
the form of its diphenyl ester, CH,Cl.C(CH;)(OH)PO(OC,H;),, when 
5 grams of chloroacetone, 14 grams of diphenoxychlorophosphine and 
6-5 grams of benzoic acid are mixed and allowed to stand for two days. 
The ester separates in the form of white, cubic crystals (1 gram), melting 
at 119° C. 


1 Fossek, Monatsh., 1884, 5, 121, 627. Compare Page, T’rans. Chem. Soc., 1912, ror, 
ps) 


2 Marie, Compt. rend., 1903, 136, 48; Ann. Chim. Phys., 1904, [8], 3, 408. 

3 Fossek, Monatsh., 1886, 7, 20. 

4 Zepharovich, ibid., 1886, 7, 28. 

> Conant, MacDonald and Kinney (loc. cit.) give the melting-point as 165° to 173° C. 
§ Conant, MacDonald and Kinney, loc. cit. 
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CoMPOUNDS OF THE TypPE R,PO.OH. 


Our present knowledge of this class of acids is confined to the methyl 
and ethyl compounds, both of which may be isolated by dissolving 
the corresponding secondary phosphine in hydrochloric acid, adding 
fuming nitric acid and boiling the mixture. The silver salts are definite 
crystalline compounds, but free diethylphosphinic acid has not been 
obtained in the solid state. 

Dimethylphosphinic acid, (CH,),PO.OH.—A solution of di- 
methylphosphine in hydrochloric acid is mixed with fuming nitric acid 
and heated to boiling.t The solution is then evaporated several times 
with hydrochloric acid to remove the nitric acid, the hydrochloric acid 
removed by adding silver nitrate, and the filtrate from the silver 
chloride treated with hydrogen sulphide, then evaporated on the 
water-bath. Colourless crystals separate, but these become pale 
brown in contact with the air. They are very soluble in water, alcohol 
or ether, melt at about 76° C., and at high temperatures are volatile 
without decomposition. The silver salt, (CH;),PO(OAg), crystallises 
as fine white needles, having an extraordinary solubility in water, 
but only slightly soluble in alcohol or ether. A barium and a lead salt 
have been described, but not analysed. The acid is converted by one 
equivalent of phosphorus pentachloride into the acid chloride, 
(CH,),POCI, which is a crystalline product, M.pt. 66° C., B.pt. 204° C., 
reconverted to the acid by water or alcohol.? 

Diethylphosphinic acid, (C,H,;),PO.OH.—This acid is prepared 
in a similar manner to the preceding dimethyl acid. It cannot be 
obtained in the solid state, being liquid even at -—25° C. Its silver 
salt, (C,H;),PO(OAg), crystallises in fine, matted needles. 

Diethyldithiophosphinic acid,? (C,H;),PS.SH.—When 1 gram- 
molecule of diethylphosphine is mixed with 2 equivalents of sulphur 
in ether solution, the sulphur gradually dissolves and crystals separate 
(see below). The mother liquor from these crystals is boiled with a 
slight excess of ammonium hydroxide, when more crystals are formed 
and removed whilst the liquid is hot. The solution as it cools deposits 
triethylphosphine sulphide, which is removed and the cold solution 
then concentrated. Crystals of ammonium dtethyldithiophosphinate 
separate, melting at 193° C., decomposing a little above this temperature, 
but subliming on rapid heating. The salt is readily soluble in water 
and alcohol, the aqueous solution giving amorphous precipitates with 
silver, copper and lead salts. With hydrochloric acid the ammonium 
salt is converted into the free acid, an oil readily dissolving in alcohol 
or ether, insoluble in and heavier than water. The acid is not volatile 
in steam and is a strong acid. The silver salt, (C,H;),.PS.SAg, forms 
white needles, insoluble in cold alcohol and stable at 100° C. The 
benzyl derivative, (C,H;),.PS.SC,H,, melts at 54° C., is insoluble in 
water, but dissolves in the usual organic solvents. 

Diethyldithiophosphinic acid persulphide, (C,H;),PS.S.S.S. 
PS(C,H;),.—This compound is formed as a by-product in the prepara- 
tion of the preceding acid. It separates out in crystalline form, as 
mentioned already, at the commencement of the reaction. The formula 

1 Hofmann, Ber., 1872, 5, 104. 


2 Hofmann, 2bid., 1873, 6, 307. 
3 Hofmann and Mahla, Ber., 1892, 25, 2436. 
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assigned to the crystals is that of a persulphide, as shown. It separates 
from carbon disulphide in hard, white, hexagonal prisms, M.pt. 105° C. 
Freshly prepared ammonium sulphide converts it on warming into 
ammonium diethyldithiophosphinate, with liberation of free sulphur. 

By oxidation of the corresponding phosphines the following acids 
are said to be derived, all of which are described as water-insoluble 
oils: ! dipropylphosphinic acid, di-isobutylphosphinic acid, and di- 
isoamylphosphinic acid. 


PHOSPHORUS COMPOUNDS DERIVED FROM ALDEHYDES 
AND KETONES. 


Diacetone chlorophosphine,? 
(CH,),C ———O (CH. ),€ 
| or 


CH,.CO.CH_—_PC1 CH,.CO.CH” 


To a mixture of 500 grams of phosphorus trichloride and 2 to 2-5 
volumes of acetone (free from methyl alcohol), 80 grams of anhydrous 
aluminium chloride are added. A _ brisk reaction occurs, hydrogen 
chloride is evolved and the mixture requires cooling. After the gas 
evolution has ceased, ligroin is added and the product filtered. The 
filtrate is heated on the water-bath, and after a time the solvent is 
removed and the residue fractionated in vacuo. The main product 
distils at 154° C. at 100 mm., and on cooling crystallises. The crystals 
are colourless, strongly refractive, and melt at 35° to 86° C., B.pt. 
154° C. at 100 mm. or 235° C. at 745 mm., density 1-209 at 17-5° C. 
Water converts the compound into diacetone phosphinic acid, and alcohol 
yields the corresponding ester. The chlorophosphine is soluble without 
decomposition in ether and light petroleum, and is not completely 
decomposed by nitric acid. It combines directly with chlorine and 
bromine (2 atoms), and bromine water converts the whole of the phos- 
phorus to phosphoric acid. 
Diacetone phosphorus trichloride, 
(CH,),C—O—PCl, 
9 
CH,.CO.CHC1 


This product is formed when a ligroin solution of the foregoing chloro- 
phosphine is treated with dry chlorine. It is soluble in light petroleum 
and ether, but less soluble than the chlorobromide (see below), and is 
more slowly attacked by water. It melts at 115° C. Silver nitrate 
precipitates two-thirds of the chlorine from aqueous solution, the 
remainder being removed only by continued boiling; the solution 
remaining contains phosphoric acid and mesityl oxide. 
Diacetone phosphorus chlorobromide, 
(CH,),C—O—PCI|Br 
(?) 
CH,.CO.CHBr 
The foregoing chlorophosphine in ligroin solution is treated dropwise 
with a solution of bromine in the same solvent. The precipitated 


1 Hofmann, loc. cit. 
2 Michaelis, Ber., 1884, 17, 1273; 1885, 18, 898. 
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product is washed with ligroin, then with a little ether. It is a colour- 
less, crystalline mass, fuming slightly in contact with air, melting at 
142° C., sparingly soluble in ligroin, readily soluble in ether. It is 
slowly decomposed by water into hydrochloric and hydrobromice acids, 
mesityl oxide and phosphoric acid. 

Diacetone phosphinic acid or 2-Methylpentanone-(4)-phos- 
phinic acid-(3),! (CH,),CH.CH(CO.CH,).PO(OH),.—This acid is 
formed when diacetone chlorophosphine is decomposed by water. It 
crystallises from water in fine needles containing 1 molecule of solvent, 
M.pt. 63° to 64° C., 100° to 110° C. when anhydrous. It is very easily 
soluble in water or alcohol, soluble with difficulty in ether. The 
phosphorus is removed by heating with bromine water, and the oxida- 
tion product with fuming nitric acid is described below. The potassvum 
salt, CgsH,,OPO,HK, is a resinous mass, dissolving in water and alcohol. 
It results when an alcohol solution of potassium hydroxide is added to 
an alcohol solution of the acid ; if an excess of the acid be used, an acid 
potassium salt is formed, C,H,,OPO,HK.C,H,,0PO;H,, consisting of 
needles, readily soluble in water, sparingly soluble in alcohol. The 
ammonium salt, C,H,,0PO;H(NH,), is soluble in water, but practically 
insoluble in alcohol; if alcoholic ammonia is used in the preparation 
of the salt, a white, crystalline precipitate is produced, which corre- 
sponds to the formula, C,H,,OPO,(NH,)>..CgH,,OPO,H(NH,).2H,0. 
The silver salt, C,H,,OPO;Ag,, is a white precipitate, and the magnesium 
salt, C,H,,OPO,Mg.6H,O, crystallises in plates, sparingly soluble in 
hot and cold water. The normal barium salt, CgH,,O0PO,Ba.6H,0, 
crystallises in colourless leaflets, described as rhombic-bipyramidal ; 
it is sparingly soluble in cold water, somewhat soluble in hot water. 
This latter salt is formed from barium hydroxide, but if barium 
carbonate replaces the latter, the salt obtained has the constitution 
(C,H,,0,P),Ba.2H,O ; this form separates in fine needles, very easily 
soluble in water, sparingly soluble in alcohol. A hydrate of constitution 
C,H,,O0PO,Ba.4-5H,O is also known. The lead salt, 2C,H,,OPO;Pb. 
PbO, is a white powder. : 

The presence of the carbonyl group in the phosphinic acid is shown 
by the fact that the acid forms an oxime; moreover, only one oxime 
is produced, and therefore only one carbonyl grouping exists in the 
molecule. The ovime, (CH;),CH.CH[C(CH,) : NOH|]PO(OH),, is pro- 
duced by boiling an aqueous solution of the acid with 1 molecular 
equivalent of hydroxylamine hydrochloride and 0-5 of an equivalent 
of sodium carbonate for six hours ; it separates from water in colourless 
crystals, M.pt. 169° to 170° C. with decomposition ; it is a strong dibasic 
acid, fairly soluble in water and alcohol, less soluble in ether. 

isoPropylphosphino-carboxylic acid or Propane- S-carboxylic 
acid a-phosphinic acid, HOOC.CH(CH,).CH,PO(OH)..2—This acid 
results when diacetone phosphinic acid is warmed with fuming nitric 
acid. The mixture is treated with barium hydroxide and the barium 
salt extracted from the precipitate by cold water. The barium salt, 
(C,H,O,;P),Bay, is more soluble in cold than hot water, and crystallises 
in shining plates. The free acid forms a colourless mass, readily soluble 
in water, alcohol or ether. The silver salt, C,H,O0;PAg,, is a white, 
crystalline precipitate, soluble in nitric acid or ammonium hydroxide. 


1 Michaelis, loc. cit. 2 Arzruni, Ber., 1885, 18, 904 ; see Groth, Ch. Kr., 3, 452. 
3 Michaelis, loc. cit. 
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CONDENSATION PRopuctTs oF HypopHosPpHoROuS ACID. 


a-Hydroxyisopropylhypophosphorous 9 acid, (CH,),C(OH). 
PHO.OH.—A solution of 250 grams of crystallised hypophosphorous _ 
acid in 400 c.c. of acetone is boiled for several days. The filtrate on 
cooling deposits bis-a-hydroxyisopropylhypophosphorous acid, which is 
removed. ‘The acetone is removed from the mother liquor, the residue 
diluted with water, neutralised with lead carbonate and the insoluble 
lead salt of the a-hydroxyisopropylphosphinic acid filtered off. The 
filtrate is evaporated to dryness, the residue taken up in 95 per cent. 
alcohol containing a few c.c. of water, when on cooling crystalline crusts 
separate. These are dissolved in water and treated with hydrogen 
sulphide, the filtrate from this reaction being evaporated in the absence 
of air.1 The acid is purified by treating it in the molten state with dry 
ether, until no further rise in the melting-point is noted.? 

The acid is extremely hygroscopic and melts at 52°C. It is soluble 
in alcohols, acetone and ethyl acetate, but insoluble in benzene, ether 
and petroleum ether. It is monobasic and decomposes carbonates. 
Heating at 110° to 120° C. or prolonged boiling of its aqueous solution 
in the presence of concentrated acid decomposes it into acetone and 
hypophosphorous acid. It is readily oxidised to a-hydroxyisopropyl- 
phosphinic acid, and prolonged boiling with acetone gives bis-a-hydroxy- 
isopropylphosphinous acid. Aldehydes condense to form hydroxyalkyl- 
a-hydroxyisopropylhypophosphorous acids.? The following salts of the 
acid have been obtained: copper salt, (C;H,03;P),Cu.H,O, a pale blue 
mass, stable at ordinary temperatures, decomposed when heated in a 
carbon dioxide atmosphere at 100° C. or when its concentrated aqueous 
solution is heated above 60° C.4. The decomposition takes place accord- 
ing to the equation 


[(CH,),C(OH).PHO.O],Cu.H,O =(CH,),C(OH)PHO.OH 
+ (CH;),C(OH).PO(OH), + Cu 


The silver salt, C;H,0;PAg, forms colourless crystals, decomposing 
with explosion at 90° C., and yielding a very unstable aqueous solution 
which decomposes in a similar manner to the copper salt. The lead 
salt, (C;H,03,P).Pb, separates as a starry mass of crystals, very soluble 
in water or aqueous alcohol, insoluble in absolute alcohol. The cobalt 
salt, (C;H,0,P),Co.4H,O, forms rose-coloured, bushy crystals, becoming 
blue and anhydrous at 100° C., and the nickel salt, (C;H,0,P).Ni.4H,O, 
separates as a pale green precipitate, losing its water at 100° C., 
changing to yellow; it is not decomposed below 200° C. The methyl 
ester of the acid is obtained by treating the silver salt with methyl iodide. 
It is a fairly mobile liquid, completely decomposed when distilled in 
vacuo. Its density at 16-5° C. is 1-212 and the refractive index at 16° C. 
is 1-462. The physical constants for the ethyl ester are as follows: 
density 1-122 at 22-5° C., mp 1-452 at 18-5° C. The condensation 
product with acetaldehyde, namely, hydroxyethyl-hydroxyisopropylhy po- 
phosphorous acid, [(CH,),C(OH)|[CH,.CH(OH)|PO.OH,  crystallises 


1 Marie, Compt. rend., 1901, 133, 220; Ann. Chim. Phys., 1904, [8], 3, 347, 363. 
2 Marie, Compt. rend., 1902, 134, 286. 

3 Marie, Compt. rend., 1904, 138, 1708; Ann. Chim. Phys., 1904, [8], 3, 419. 

4 Marie, Compt. rend., 1902, 134, 287; Ann. Chim. Phys., 1904, [8], 3, 366. 
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from acetone and melts at 182° C.; it is soluble in alcohols, insoluble 
in ether, chloroform or_benzene.+ 
Bis-a-hydroxyisopropylhypophosphorous acid, (CH,),C(OH). 
PO(OH).C(OH)(CH3),, is prepared by boiling a solution of 250 grams of 
hypophosphorous acid in 400 grams of acetone for many days.” The 
product separates on cooling, and recrystallisation from boiling alcohol 
yields crystals, M.pt. 185° C., soluble in water, alcohol, acetone and 
chloroform, insoluble in ether or carbon disulphide. It is a strong 
monobasic acid, and readily decomposes carbonates. It readily yields 
acetone when heated at 150° C., or when boiled with acid or alkali.? 
When heated with mercuric chloride, the acid is slowly oxidised to 
a-hydroxyisopropylphosphinic acid. The following salts are known: 
sodium salt, C,H,,0,PNa.38H,O, colourless, efflorescent crystals, soluble 
in alcohol, and losing water of crystallisation at 100° C.; silver salt, 
C,H,,0,PAg, colourless needles, very susceptible to light, sparingly 
soluble in alcohol; lanthanum salt, (C,H,,0,P),La, a crystalline sub- 
stance, sparingly soluble in hot or cold water ; lead salt, (CgH,,0,P).Pb. 
2H,0O, efflorescent crystals, losing water at 100° C. At 22° C. 100 grams 
of water dissolve 27-6 grams of the lead salt, which is insoluble in 
alcohol. The methyl ester, obtained in the usual way from the silver 
salt and methyl iodide, melts at 92° C. ; it is readily soluble in the usual 
solvents, and distillation in vacuo causes decomposition, with formation 
of the methyl ester of hydroxyisopropylhypophosphorous acid, acetone, 
the methyl ester of phosphorous acid and phosphine. The ethyl ester 
melts at 95° C. The diacetate is prepared by warming the acid with 
acetic anhydride ; it separates from alcohol in crystals, M.pt. 171° C. 
a-Hydroxyisobutylhypophosphorous acid, (CH;)(C,H,)C(OH). 
PHO.OH, is prepared by the prolonged boiling of hypophosphorous 
acid with an excess of methyl ethyl ketone, the hydroxybutylphos- 
phinic acid occurring as a by-product.* It is isolated by means of its 
lead salt, and is obtained as a colourless hygroscopic syrup, which does 
not solidify at —20°C. It dissolves in alcohol or acetone, and is oxidised 
by bromine to hydroxybutylphosphinic acid. The following salts are 
known: copper salt, (C,H,).O,P),Cu.4H,O, blue crystals, soluble in 
water and alcohol, decomposing above 70° C.; silver salt, C,H,)0,PAg, 
decomposing with explosion above 100° C.; lead salt, (C,H ,)903P).Pb, 
a crystalline mass, sintering at 95° C., readily soluble in water. 
a-Hydroxymethylbutylhypophosphorous acid, (CH,)(C;H,) 
C(OH).PHO.OH, occurs when hypophosphorous acid is heated for 
some days with an excess of methyl propyl ketone.? It is a colour- 
less syrup, yielding a crystalline lead salt, (C;H,.0,P),Pb, soluble in 
alcohol. Bromine readily oxidises the acid to the corresponding 
phosphinie acid. 
a-Hydroxyisoamylhypophosphorous' acid, (CH,),CH.CHg,. 
CH(OH).PHO.OH.—20 grams of isovaleraldehyde are heated with 
61:3 grams of hypophosphorous acid in 166 c.c. of water in a carbon 
dioxide stream at 85° to 90° C. for two days. The solution is then 
saturated with barium hydroxide, treated with carbon dioxide and 


1 Marie, Compt. rend., 1904, 138, 1709; Ann. Chim. Phys., 1904, [8], 3, 425. 

2 Marie, Compt. rend., 1901, 133, 219; Ann. Chim. Phys., 1904, [8], 3, 347, 349. 
3 Marie, Compt. rend., 1901, 133, 818; Ann. Chim. Phys., 1904, [8], 3, 350. 

4 Marie, Compt. rend., 1903, 136, 234; Ann. Chim. Phys., 1904, [8], 3, 389. 

5 Marie, Ann. Chim. Phys., p. 509. 
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filtered. The filtrate is evaporated to dryness on the water-bath, and 
the residue, which contains the barium salt of the acid, is extracted with 
methyl alcohol and the free acid liberated by sulphuric acid.! It is 
a thick syrup, decomposing above 170° C., phosphine and zsovaler- 
aldehyde being amongst the resulting products. The acid reduces 
silver nitrate and gives a barium salt, Ba(C,;H,.0,P)..4H,0, crystallising 
in needles. 

Bis-a-hydroxyisoamylhypophosphorous acid, [(CH,),CH.CH,. 
CH(OH)|,PO.0H.—This acid occurs as a by-product in the preceding 
preparation, but may be better prepared by heating 20 grams of iso- 
valeraldehyde with 7-7 grams of hypophosphorous acid in 21 c.c. of 
water. It crystallises in needles which commence to decompose at 
160° C. and melt at 230° C. It dissolves easily in alcohol, is sparingly 
soluble in water, insoluble in ether, chloroform and benzene. It 
dissolves in dilute hydrochloric acid, but with dilute sulphuric acid at 
135° C. it yields the aldehyde and hypophosphorous acid. Boiling 
with potassium hydroxide does not cause decomposition. The potas- 
sium salt, CyH,.0,PK.8H,O, separates from alcohol in plates; the 
barium salt, (C,)H,,0,P),Ba.H,O, forms needles or crusts, very 
soluble in water, sparingly soluble in alcohol. Acetyl chloride reacts 
with the acid forming the diacetate, a syrup, very soluble in alcohol, 
ether, carbon disulphide and chloroform, insoluble in water. 

a - Hydroxy - n - heptylhypophosphorous acid, CH,[CH,|;, 
CH(OH).PHO.OH.—A mixture containing 20 grams of cenanthol, 
46-5 grams of hypophosphorous acid, 126 c.c. of water and 40 c.c. of 
90 per cent. alcohol is heated at 85° to 90° C. in a stream of carbon 
dioxide for two days. The alcohol is then removed by warming 
the mixture and treating it with carbon dioxide. Water is added 
(15 to 20 parts), followed by lead acetate, and the precipitate decom- 
posed by hydrogen sulphide. The aqueous solution is then extracted 
with ether, the ether solution yielding plates, M.pt. 55° to 57° C., very 
soluble in water, alcohol or ether, sparingly soluble in chloroform. 
The acid decomposes above 120° C., giving phosphine and cenanthol 
amongst other products. It reduces ammoniacal silver solutions, but 
is not affected by boiling with potassium hydroxide. The bariwm 
salt, (C,H,,0;P),Ba, gives microscopic needles, very sparingly soluble 
in water, insoluble in alcohol. The acetyl derivative is a viscous liquid. 

Bis - a - hydroxy - n - heptylhypophosphorous acid, CH,[CH,.]; 
CH(OH).PO(OH).CH(OH)[CH,]|;CH,, occurs when 30 grams of cenanthol 
are heated with 9 grams of hypophosphorous acid in 25 c.c. of 
water and 80 c.c. of alcohol at 95° C. in a stream of carbon dioxide 
for two days. An equal volume of water is then added and the alcohol 
removed by carbon dioxide at 100° C. The product is precipitated by 
adding 10 to 15 parts of water, washed with water and purified by 
repeated solution in dilute potassium hydroxide and precipitation with 
hydrochloric acid.2. The acid separates from alcohol in plates, in- 
soluble in ether, chloroform and carbon disulphide, very sparingly 
soluble in water, easily soluble in boiling alcohol. It decomposes 
towards 160° C., phosphine and cenanthol being identified amongst 
the products, and decomposition by dilute sulphuric acid at 135° C. 
gives cenanthol and hypophosphorous acid. The potassiwm salt, 
C,,H;,0,PK.4H,O, separates from alcohol in plates, the bariwm salt, 


1 Ville, Ann. Chim. Phys., 1891, [7], 23, 330. 2 Ville, ibid., p. 312. 
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(C,,H;,0,P),.Ba.8H,O, forms needles, and the lead salt, (Cy,4H390,P).Pb. 
3H,O, granular crystals, very sparingly soluble in water and alcohol. 
The diacetate separates from alcohol in microscopic needles, M.pt. 
94° C., insoluble in water, readily soluble in alcohol, ether, carbon 
disulphide and chloroform. 

a-Hydroxyisopropyl - a - hydroxy - n - heptylhypophosphorous 
acid, (CH,),C(OH).PO(OH).CH(OH)[CH,];CH;, is obtained by the 
interaction of cenanthol and a-hydroxyisopropylhypophosphorous acid, 
p. 41.1. It erystallises in plates, M.pt. 131° C., insoluble in cold water 
and ether, soluble in alcohol or acetone. 

a- Hydroxy-sec.-butyl-a-hydroxy -n-heptylhypophosphorous 
acid, (CH,)(C,H,;)C(OH).PO.OH.CH(OH)[CH,],CH,, is the condensa- 
tion product of cenanthol and a-hydroxy-sec.-butylhypophosphorous _ 
acid. It melts at 147° C., and has a similar solubility to the preceding 
compound. 


ALKYL BETAINES CONTAINING PHOSPHORUS. 


Trimethylphosphobetaine,? 
CH,.COOH 


CH,),P 
(CHs) Sire 


When equimolecular proportions of trimethylphosphine and mono- 
chloracetic acid are heated together in a sealed tube for five to six hours 
at 100° C., the main product of the reaction is a betaine, a small quantity 
of the hydrochloride of trimethylphosphine also resulting. The betaine 
is thus isolated in the form of its chloride, solution in water and addition 
of platinum chloride precipitating an orange-yellow platinichloride, 
[(CH3),P(Cl)(CH,.COOH)]|,PtCl,. This salt is soluble in boiling water 
and separates in rhombic crystals on cooling. It is decomposed by 
hydrogen sulphide, giving the chloride, which is isolated as a deliquescent 
mass when the solution is concentrated. The chloride also forms an 
aurichloride, soluble in water and crystallising in long, yellow needles. 
The base is prepared by treating the chloride with sulphuric acid, 
removing the sulphate ion by means of barium hydroxide, and excess of 
the latter by passing carbon dioxide through the solution. The resulting 
product does not react with litmus, but yields salts with hydrochloric, — 
nitric and hydriodic acids. The zodide separates from water in shining 


plates. 
Triethylphosphobetaine hydrochloride,? 
CH,.COOH Meurer Ww 
H,)3P ae We 
(C,H5)5 Ge Gala incon > (CoH,)PC es 
I II Iil 


This chloride, I, is prepared by slowly adding triethylphosphine to 
monochloracetic acid and shaking the mixture. Owing to the rise of 
temperature it is necessary to cool the reaction mixture, a dense oily 
layer separating out. After about an hour the oil solidifies and is 
purified by solution in alcohol and precipitation with ether. The 


1 Marie, Compt. rend., 1904, 138, 1708; Ann. Chim. Phys., 1904, [8], 3, 420. 

2 Meyer, Ber., 1871, 4, 734. 

3’ Hofmann, Jahresber., 1862, p. 334; Letts, Proc. Roy. Soc. Hdin., 1881, 11, 40; Trans. 
Roy. Soc. Edin., 1881, 30, 285. 
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chloride has a sour taste, an acid reaction, and is not perceptibly 
deliquescent. The platinichloride forms orange crystals which contain 
a molecule of water of crystallisation. The chloride is decomposed by 
heat into methyltriethylchlorophosphine and carbon dioxide : 


(C,H,),P(Cl)(CH,.COOH) = (C,H;),(CH,)PCl + CO, 
Potassium hydroxide decomposes the chloride according to the equation 
(C,H,)3P(Cl)(CH,.COOH) + 2KOH =(C,H,;),PO + KCl + CH;.COOK + H,O 


Silver oxide transforms an aqueous solution of the hydrochloride to 
triethylphosphobetaine (11). Concentration of the solution then yields 
very deliquescent crystals, which lose water after keeping for several 
months in vacuo over sulphuric acid, giving the anhydride (III). When 
an aqueous solution of the free base is concentrated by boiling, a solid 
mass remains which has a faint acid reaction and effervesces with acids ; 
it appears to be triethylmethylphosphonium acid carbonate, a compound 
isomeric with the base itself : 


(C,H,),P(OH)CH,.COOH = (C,H;);P(CH;)0.COOH 


Potassium hydroxide decomposes the base in a similar manner to its 
action on the foregoing hydrochloride. 

Triethylphosphobetaine hydrobromide, (C,H;),P(Br)CH4g. 
COOH, is best prepared by adding hydrobromic acid to a solution of 
the hydroxide. It forms thin quadratic plates, somewhat deliquescent, 
but otherwise resembling the hydrochloride. It should be noted that 
the hydrobromide is not prepared by treating triethylphosphine with 
bromacetic acid. In the latter case the products of reaction appear 
to be dependent upon the temperature. At low temperatures about 
equal proportions of triethylphosphobetaine hydrobromide and triethyl- 
phosphine acetobromide or a mixture of the latter with triethylphosphine 
bromacetate is obtained. At intermediate temperatures very little 
hydrobromide is formed and the product consists of acetobromide and 
bromacetate, whilst at higher temperatures the acetobromide is almost 
the sole product. 

Triethylphosphobetaine hydriodide, (C,H;),P(I1)CH,.COOH, is 
prepared in a similar manner to the hydrobromide and yields small 
granular crystals. 

Triethylphosphobetaine sulphate, [(C,H;),P.CH,.COOH],SO,, 
occurs when the hydrochloride is treated with silver sulphate and the 
resulting solution evaporated in a vacuum. A solid crystalline mass 
is obtained, which decomposes in a similar manner to the hydrochloride 
when heated. 

Triethylphosphobetaine hydrochloride ethyl ester, 


CH,.COOC,H, 
(C,H) P< 
\Cl 


is isolated by the interaction of ethyl monochloracetate and triethyl- 
phosphine. A colourless syrup is formed, which rapidly solidifies, but 
cannot be recrystallised owing to its deliquescent nature. The platini- 
chloride crystallises in light orange plates. Moist silver oxide reacts 
according to the following equations :—" 


1 Compare Hofmann, Proc. Roy. Soc., 1860, 11, 550. 
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(C,H,),P(Cl)CH,-COOC,H, + AgOH =C,H,OH + AgCl + (Catone S00 
(C,H,),P(C)CH,.COOC,H, + AgOH = AgCl + (C,H,);PO + CH,COOC,H, 
The hydrochloride is decomposed by potassium hydroxide as follows : 
(C,H;),P(C1)CH,.COOC,H, + KOH = KCl + (C,H,;),PO + CH,COOC,H, 


Heat causes decomposition to take place with evolution of ethylene and 
carbon dioxide : 


(C,H,),P(Cl)CH,.COOC,H, =(C,H,),(CH,)PCl + CO, + C,H, 


A hydrobromide and a hydriodide corresponding to the foregoing hydro- 
chloride have also been isolated. 


CHAPTER II. 


AROMATIC PHOSPHINES AND PHOSPHONIUM 
COMPOUNDS. 


COMPOUNDS OF THE Types RPH, anp R,PH. 


THE primary aryl phosphines are obtained by reducing the corre- 
sponding acids. They are all liquids with the exception of the mesityl-, 
diphenylmethane- and dibenzyl-compounds, which are low-melting 
solids. In air they rapidly undergo oxidation, yielding oxides and 
finally acids. When solutions of the phosphines in hydrochloric acid 
are treated with platinic chloride, crystalline platinichlorides result, 
(RPH,.HC1),PtCl, or (RPH,),.H,PtCl,. Solution in hydriodic acid 
converts the phosphines into their hydriodides, RPH,.HI, yellow 
crystalline compounds. Only two derivatives of the type R,PH are 
known, namely, diphenyl- and dibenzyl-phosphines. The former is the 
reduction product of diphenylchlorophosphine and the latter is a by- 
product in the preparation of benzylphosphine. 


Phenylphosphine, 
we 
é \-PH, 


This substance is best prepared as follows: 1 Phosphorus-free phenyldi- 
chlorophosphine is shaken with an excess of alcohol and the solution 
filtered. The solvent is then distilled off in an atmosphere of carbon 
dioxide, the receiver changed and distillation in the inert gas continued, 
when phenylphosphine is obtained together with small amounts of 
benzene and diphenyl. The yield is about 60 per cent. The phosphine 
also results ? from the following process : Dry hydrogen iodide is passed 
into phenyldichlorophosphine, the following reaction occurring : 


C,H,.PCl, +3HI =C,H;.PI,.HI + 2HCl 


The double compound distils above 360° C., but when cooled and treated 
dropwise with alcohol, a yellow liquid results, which yields phenyl- 
phosphine when fractionated in an atmosphere of hydrogen. 
Phenylphosphine is a colourless, strongly refractive liquid, B.pt. 
160° to 161° C., density 1-001 at 15° C. It possesses a vile odour. It 
readily oxidises in the air, yielding phenylphosphenoxide, but in contact 
with oxygen it inflames unless cooled. In water or concentrated acids 
it is only sparingly soluble, but explosion takes place on warming it 
with concentrated nitric acid. Dry hydrogen iodide yields phenylphos- 
phonium iodide, and sulphur combines to form a sulphide, C,H,;.PH.S. 
Phenylphosphine in concentrated hydrochloric acid yields a platini- 
chloride on addition of platinic chloride, (C,H;.PH,.HCl),PtCl,, a 


1 Kohler and Michaelis, Ber., 1877, 10, 807. 
2 Michaelis, Ber., 1874, 7, 6. 
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yellow crystalline substance, insoluble in water. The phosphine and 
carbon disulphide combine when heated together in a sealed tube at 
150° C., forming the product (C,H;.PHCS),S and hydrogen sulphide ; 4 
this sulpho-compound is readily soluble in carbon disulphide, sparingly 
soluble in alcohol and insoluble in water. Prolonged boiling with 
alcohol does not cause decomposition, but on heating the substance 
alone, hydrogen sulphide is evolved and a dark resin remains. The 
compound dissolves in alkalis, from which it is precipitated unchanged 
by acids. With chlorine it reacts according to the following equation : 


(C,H,.PHCS),S + 6Cl, =CgH;.PCl, +C,H;.PSCl, +2CSCl, + 2HCl 
p-Chlorophenylphosphine,? 


fe eS 
Oe Be 


is obtained by dry distillation of the corresponding phosphinic acid, 
CIC, ,H,.PO(OH)., in a current of dry carbon dioxide. It forms a white 
crystalline mass, M.pt. 17° C., B.pt. 198° to 200° C., which oxidises in 
air and is converted by potassium hydroxide to the phosphinous acid 
salt : 

CIC,H,.PH, + KOH + H,O =CIC,H,.PO,HK +2H, 


An emulsion of the phosphine in hydrochloric acid when treated with 
platinic chloride yields a platinichloride, (CIC,H,.PH,.HCl),PtCl,, a 
yellow crystalline powder, stable in air, and unmelted at 270° C. 

p-Bromophenylphosphine, 

Ce Ni oh 
Br Ce PH: 

is a colourless, crystalline product, M.pt. 40° C., B.pt. 195° to 196° C. 
It possesses an intolerable odour, and rapidly oxidises in the air to the 
corresponding acid.? 

p-Tolylphosphine,* 


CH;< —»-PH, 


This phosphine is prepared in a similar manner to the phenyl compound 

and possesses similar properties to the latter. It melts at 4° C. and boils 

at 178° C. Its hydriodide, C,;H,.PH,.HI, is a yellow powder crystal- 

lising from fuming hydriodic acid in glistening needles which may be 

sublimed. The product is deliquescent and decomposed by water. 

The phosphine forms a yellow platinichloride, (C,H,.PH,.HCl),PtCl,. 
p-Ethylphenylphosphine,°® 


CHj< PH, 
is obtained by the reduction of the corresponding phosphinic acid by — 
alcohol. It is a transparent, highly refractive liquid, B.pt. 200° C., 
possessing an intense objectionable odour and oxidised to the phos- 
phinous acid on warming in air. The platinichloride, (C,H;.C,H,. 


1 Michaelis and Dittler, Ber., 1879, 12, 338. 

2 Michaelis, Annalen, 1896, 293, 234. 

3 Michaelis, loc. cit., p. 245. 

4 Michaelis and Paneck, Annalen, 1882, 212, 233. 
5 Michaelis, loc. cit. 
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PH,.HCl1),PtCl,, is a golden-yellow powder, insoluble in water, and the 
methiodide, C,H,.C H,.PH,.CH,I, melts at 118° C. 


Benzylphosphine,! a 
< _>-CH, PH, 


Benzyl] chloride (2 molecular equivalents), phosphonium iodide (2 equi- 
valents) and zine oxide (1 equivalent) are heated together at 160° C., 
and the reaction mixture then distilled in steam, an oil heavier than 
water distilling over. After drying the crude product over potassium 
hydroxide, the oil is fractionated in hydrogen, the phosphine distilling 
at 180° to 190° C., further distillation giving a product of B.pt. 180° C. 
The residue left after the distillation contains dibenzylphosphine. 


2C,H,.CH,Cl + 2PH,I + ZnO =2C,H,.CH,.PH,.HI + ZnCl, + H,O 


Pseudocumylphosphine,? 
CH, 
PEAS eee 
CH, Say, PH, 
CH; 


To obtain this, the corresponding dichlorophosphine is decomposed by 
water, the resulting acid treated with alcohol and the product distilled 
in a stream of carbon dioxide. It is a transparent liquid, B.pt. 214° to 
218° C., rapidly oxidised in air. It is sparingly soluble in hydrochloric 
acid, the solution giving a yellow platinichloride, (CyH,,.PH,)>.H,PtCl,, 
on treatment with platinic chloride. 
Mesitylphosphine, 


is obtained by the dry distillation of the corresponding phosphinous 

acid in a carbon dioxide atmosphere at 25 mm. pressure. It forms 

stout, colourless needles, M.pt. 40° C., B.pt. 125° C. at 25 mm., having 

a penetrating, unpleasant odour, and rapidly oxidising in air. Its 

platinichloride, (CyH,,.PH,),.H,PtCl,, separates from concentrated 

hydrochloric acid solution in shining orange crystals. 
Diphenylmethanephosphine, 


is a solid, M.pt. 46° C., B.pt. 184° C. at 20 mm., prepared in the usual 
manner. Its odour is less pungent than is the case with the foregoing 
compounds. It separates in the form of the hydriodide from hydriodic 
acid solution, this consisting of fine needles, M.pt. 134° C., decomposed 


by water. 
Dibenzylphosphine, 
ee ae Sages 
< CH,.CH,< _ >-PH, 


melts at 75° C. and boils at 190° C. at 45 mm. It forms a crystalline 
methiodide. 


1 Hofmann, Ber., 1872, 5, 100. 2 Michaelis, Annalen, 1897, 294, 32. 
ie) lanes Erit. SEIT, 4 
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Diphenylphosphine,' 
ate seed 
ae 
2 
may be isolated in two ways: (1) By treating diphenylchlorophosphine 
with an excess of sodium carbonate in an atmosphere of hydrogen : 


4(C,H,),PCl + 3Na,CO, + H,O =2(C,H;),PH + 2(C,H,),.PO,Na+3CO, 
+4NaCl 


(2) By heating diphenylchlorophosphine with zinc in a sealed tube at 
230° C., then decomposing the resulting mixture with water. It is a 
colourless, viscous, pungent liquid, B.pt. 280° C., density 1-07 at 16° C., 
exposure to air or heating it with nitric acid causing it to oxidise. It 
acts as a weak base, its salts being decomposed by water. It combines 
with methyl iodide, acetyl chloride, hydrogen iodide and dry hydrogen 
chloride ; the compound formed in the latter case is not stable in air, 
but it yields a platinichloride, [(CgH;),.PH]..H,PtCl,, which is a yellow 
powder. On reaction with diphenylchlorophosphine the phosphine 
gives tetraphenyldiphosphine, (C,H,;).P =P(C.H,;)>. 
Dibenzylphosphine,? 


is obtained as a by-product in the preparation of benzylphosphine 
(p. 49). It erystallises in white, starry or bushy needles, M.pt. 205° C., 
which are odourless, tasteless, and readily soluble in boiling alcohol, 
but insoluble in water or acids. It does not exhibit the power shown 
by the secondary amines of combining with acids. 


CoMPOUNDS OF THE TYPE R,P. 

Five types of tertiary aromatic phosphines are described in the 
following pages: Ar,P, ArAr,’P, AlkAr,P, Alk,ArP, AlkArAr’P. 
As in the case of the corresponding arsenical compounds the principal 
methods of preparing the type Ar,P are by application of the Fittig 
and Grignard reactions. 


Type Ar5P. 
(1) 8RX+PX,+6Na=R,P +6NaX 
(2) 2RX+RPX,+4Na=R,P +4NaxX 
(3) 3MgRX + PX,=R,P +3MeX, 
Equation (2) is really a variation of (1), the phosphorus trihalide being 


replaced by an aryldichlorophosphine. 
The method of preparation of mixed tertiary phosphines is indicated 


by the following equations : 
Type ArAr,'P. 


(1) RPX, +2R’X +4Na=RR,’P +4NaX 
(2) RPX,+2R’X +2Zn =RR,'P.ZnX, + ZX, 


Equation (2) is only applicable to phenyldibenzylphosphine. 


1 Michaelis and Gleichmann, Ber., 1882, 15, 801; Dérken, Ber., 1888, 21, 1505, 
2 Hofmann, Ber., 1872, 5, 100, 
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Type AlkAr,P. 


1 2Ar,PX + ZnAlk, =2Ar,AlkP + ZnX, 
(2) (C,H;),(C,H,;.CH,).PCl =(C,H;)(C,.H,.CH,).P.HCl + C,H, 
Equation (2) shows a special case in which the decomposition is brought 
about by heat. A similar case is given in equation (2) below. 


Type Alk,ArP. 


(1) ArPX, + ZnAlk, = Alk,ArP +ZnX, 
(2) (C,H,)4(CeH,-CH.)PCI = (C,H;).(CgH;.CH,)P.HCl + C,H, 
(3) -ArPX, + 2AlkMgX = Alk,ArP +2MgX, 


Type AlkArAr’P. 


(1) AlkMgX + ArAr’PX = AlkArAr’P +MegX, 
(2) 2ArAr’PX + ZnAlk, =2AlkArAr’P + ZnX, 


All the compounds of the types Ar,P and ArAr,’P may be isolated 
in the solid state. Some of them yield mercurichlorides and platini- 
chlorides, but in no cases are compounds formed with carbon disulphide, 
a fact which distinguishes aliphatic and aromatic tertiary phosphines. 
In contra-distinction to the corresponding arsenical compounds they 
do not yield stable dihalides of the type R3;PX,. The halogen probably 
forms a weak linkage with the phosphorus, since the greenish syrup 

obtained by chlorinating triphenylphosphine yields a dihydroxide, 
(C,H;),P(OH),, on treatment with sodium hydroxide, whilst heating 
alone causes it to decompose into chlorobenzene and diphenylchloro- 
phosphine. The compounds do not combine with alkyl iodides so 
readily as the tertiary aromatic arsines, and phenyldibenzylphosphine 
does not combine at all with alkyl iodides or benzyl chloride. The 
products containing both aliphatic and aromatic radicals show some 
properties reminiscent of the purely aliphatic phosphines. The com- 
pounds AlkAr,P are all oils of pungent odour which undergo oxidation 
to the corresponding oxides. Increase in the aliphatic radicals, as in 
type Alk,ArP, again introduces the properties of combination with 
carbon disulphide, ready addition of alkyl iodides, and the formation of 
platinichlorides and mercurichlorides. The compounds Alk,ArP are all 
liquids, likewise those of the type AlkArAr’P, many of them having 
intolerable odours. 


Compounds of the Type ArzP. 


ces 


may be obtained in several ways: (1) Chlorobenzene, 200 grams, or 
the corresponding amount of bromobenzene, is treated with 90 grams 
of phosphorus trichloride in 5 parts of dry ether, 50 grams of finely 
sliced sodium are added and the whole heated under reflux on the water- 
bath for 24 hours. A further 100 grams of sodium are then added 
and the heating continued for a further period of 24 hours. After 
filtering and washing the residue with ether, the solvent is removed 
from the filtrate, the residual oil solidifying on trituration with alcohol. 


Triphenylphosphine, 
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Purification may be effected by recrystallisation from ether-alcohol, 
the product melting at 79° C. The yield is about 30 per cent. Various 
by-products are produced in this preparation, the use of larger quantities 
of phosphorus trichloride appearing to increase the quantity of by- 
product.! (2) Instead of using phosphorus trichloride as in the fore- 
going method, it may be replaced by phenyldichlorophosphine, the 
reaction requiring 6 to 10 days for completion at the ordinary tempera- 
ture and taking place according to the equation ? 


C,H;.PCl, +2C,H,Br + 4Na = (C,H;),P +2NaCl + 2NaBr 


(3) To a solution of magnesium phenyl bromide (from 5-2 grams of 
magnesium, 34-1 grams of bromobenzene and 108 c.c. of absolute ether, 
prepared in an atmosphere of hydrogen) is added slowly, during fifteen 
to twenty minutes, with good cooling and shaking, a solution of 6 grams 
of phosphorus trichloride in 35 c.c. of absolute ether, the operation 
being conducted in a hydrogen atmosphere. The reaction product is 
decomposed with 80 c.c. of water and 11 c.c. of concentrated hydro- 
chloric acid. The ether layer is removed and distilled, when 0-7 gram 
of diphenyl is obtained and the residue not distillable at 285° C. is crude 
triphenylphosphine.? Two crystallisations from alcohol give 8-7 grams 
(76 per cent.) of snow-white needles, M.pt. 79-5° C.4 

Triphenylphosphine crystallises in large transparent prisms or 
tablets belonging to the monosymmetric system, readily soluble in 
most organic solvents, with the exception of alcohol. The following 
physical constants have been determined: density, 1:194 ; refractive 
index,® np, 156:75 at 4-8° to 6-9° C.; heat of formation, 382,200 calories ; 
heat of combustion at constant pressure, 2,480,700 calories. In an 
inert gas stream it distils unchanged above 360° C. It only possesses 
feeble basic properties. In concentrated sulphuric acid it forms a clear 
solution, but with the fuming acid a sulphonic acid is obtained. The 
solution in fuming hydrochloric acid yields the phosphine unchanged 
on treatment with water. Hydriodic acid (density 1-56) reacts with 
the phosphine, forming triphenylphosphonium iodide, which is insoluble 
in cold hydriodic acid, but decomposed by water. Dry chlorine reacts 
violently with triphenylphosphine, forming a greenish-yellow syrup, 
transformed by sodium hydroxide into triphenylphosphine dihydroxide. 
The syrup, when heated, is decomposed into chlorobenzene and di- 
phenylchlorophosphine. It is noticeable that no dichloride is formed 
by treatment with chlorine, and a similar result is noted when the 
phosphine is heated with phosphorus trichloride at 290° to 310° C. 
The products obtained by the action of bromine or iodine are also 
easily oxidised. The phosphine does not react when heated with cold 
carbon disulphide, this forming a distinction between aromatic and 

1 Michaelis and Soden, Annalen, 1885, 229, 295; Ber., 1884, 17, 921; compare Michaelis 
and Reese, Ber., 1882, 15, 1610. 

2 Michaelis and Gleichmann, Ber., 1882, 15, 801. 

3 The products of reaction between magnesium phenyl bromide and phosphorus penta- 
chloride in ether are diphenyl, triphenylphosphine, triphenylphosphine dihydroxide, 
tetraphenylphosphonium bromide, (C,H;),PBr.2H,O, M.pt. 286° to 288° C., and a 
crystalline complex, C,H,MgBr.MgBr,.MgCl,.4(C,H;),0. 

a Dodonov and Medox, Ber., 1928, 61, [B], 907; compare Pfeiffer, Ber., 1904, 37, 
4620. 


5 Zecchini, Gazzetta, 1894, 24, i, 34. 
§ Lemoult, Compt. rend., 1909, 149, 554. 
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aliphatic tertiary phosphines. Sulphur in carbon disulphide solution 
gives triphenylphosphine sulphide. The triphenylphosphonium iodide 
already mentioned crystallises in needles, M.pt. 215° C., and methyl 
iodide, methylene iodide and ethylene bromide when treated with the 
phosphine yield respectively triphenylmethylphosphonium iodide, 
methylene hexaphenylphosphonium iodide and ethylene hexapheny!- 
phosphonium bromide. Mercuric chloride and the phosphine form a 
double compound, crystallising in needles, M.pt. above 300° C.,1 and 
platinie chloride gives a pale yellow, amorphous platinichloride. 'Tri- 
phenylphosphine forms additive compounds with antimony, arsenic and 
bismuth trichlorides, which melt at 96° C., 100° C. and 100° to 105° C. 
respectively.2, Phosphorus trichloride under similar conditions does 
not give a double compound. Under a constant pressure of 60 atmo- 
spheres of hydrogen, triphenylphosphine decomposes at 350° C., but 
under similar conditions separation of phosphorus does not take place 
in an atmosphere of nitrogen.? 
Tri-p-tolylphosphine,* 
Po} 
eke 
is produced in a similar manner to the phenyl compound. It separates 
from alcohol in white prisms, M.pt. 146° C. These form compounds of 
types resembling those given by triphenylphosphine. Nitration with 
‘““mixed acid’ gives a trinitro-derivative, consisting of fine yellow 
needles, M.pt. 153° C., the corresponding triamino-compound melting 
at 285° C. It crystallises with one molecule of alcohol and forms an 
orange platinichloride. 
Tri-m-xylylphosphine, 
ee 
oe ales le 


CH,—3 


forms white, glistening needles, M.pt. 154° C., soluble in the usual 
erganic solvents. It yields a mercurichloride, M.pt. 270° C. 
Tri-p-xylylphosphine, 


mS 
g oe P 
Be Cis 
erystallises from hot acetic acid in white needles, M.pt. 155° C.; it 


yields a mercurichloride, M.pt. 256° C. 
Tripseudocumylphosphine, 


CH, 
| 
es 
ae 
CH, 


1 The double compound of triphenylphosphine and mercuric chloride has the composi- 
tion [(C,H;)3P],.HgCl,, not (C,H,;),P.HgCl, (Kolitowska, Rocz. Chem., 1928, 8, 568). 

2 Challenger and Pritchard, Trans. Chem. Soc., 1924, 125, 864. 

8 Tpatiev and Razubaiev, Ber., 1930, 63, [B], 1110. 

4 Michaelis, Annalen, 1901, 31 5, 78; Ohm, Inaug. Dissert. Rostock, 1891. 


3 


54 ORGANOMETALLIC COMPOUNDS. 


This is obtained in the usual manner from bromopseudocumol, but the 
reaction is slow. The product crystallises from petroleum ether- 
chloroform mixture in glistening, delicate needles, M.pt. 216° to 217° C. 


Trimesityl phosphine, 
ue 
CHeds 3 AP 
"a 
CH3_I5 


is a white, crystalline powder, M.pt. 205° to 206° C., difficult to prepare 
and obtained only in poor yield. 
Tri-biphenylphosphine,* 


Bikey 
is prepared by the interaction of 4-chlorodiphenyl, phosphorus tri- 
chloride and sodium in dry benzene solution, using a crystal of antimony 


trichloride as a catalyst. It crystallises from benzene in slender needles, 
M.pt. 172° C., readily soluble in chloroform or hot glacial acetic acid. 


Compounds of the Type ArAr,’P. 
Phenyldi-p-tolylphosphine,? 


CH,- > P< x 

Giga ie 2 Ol 

occurs when phenyldichlorophosphine and p-bromotoluene in ether 
solution react in the presence of sodium. The phosphine separates in 
small, colourless crystals, M.pt. 57° C., readily soluble in ether, sparingly 


soluble in alcohol. 
Phenyldibenzylphosphine,? 


4 Apec * 

[ome POD 
Two parts of benzyl chloride and one part of phenyldichlorophosphine 
are heated under reflux with granulated zinc for a short time. The 
reaction is violent and hydrogen chloride is evolved. When the reaction 
subsides the mass is mixed with ether and treated with sodium hydroxide. 
The zinc chloride additive compound separates out, is filtered off, washed 
with water and dissolved in alcohol. Addition of water to the solution 
then precipitates white flocks, which, on crystallisation from 50 per cent. 
acetic acid, give white needles, M.pt. 169° to 170° C., subliming at 
170° to 171° C. This phosphine does not combine with alkyl iodides, 
and heating with benzyl chloride for 15 hours at 200° C. produces no 
change. It is only slowly attacked by feeble oxidising agents, but 
potassium dichromate converts it into benzoic and phosphoric acids ; 
nascent hydrogen, or heating with soda lime, gives benzene, toluene 
and phosphoric acid. ) 


1 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 

2 Dorken, Ber., 1888, 21, 1505. 

38 Michaelis and Gleichmann, Ber., 1882, 15, 1961; Gleichmann, Inaug. Dissert. 
Tubingen, 1882. 
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p-Chlorophenyldi-p-tolylphosphine,' 


Be piece eS 
| cH< aime Cl 
results in 37 per cent. yield when p-chlorophenyldichlorophosphine, 
p-bromotoluene and sodium react in benzene solution. It forms colour- 
less, strongly refractive crystals, M.pt. 115° C., easily soluble in the usual 
solvents, sparingly soluble in cold water. It undergoes the customary 
reactions of a triarylphosphine. 
Diphenyl-p-tolylphosphine,?* 


Oy tet 
oe Co 
results when diphenylchlorophosphine, p-bromotoluene and sodium 
react in ether solution. It crystallises in small, colourless prisms, 
M.pt. 68° C., readily soluble in ether. It is a weak base, dissolving 
in concentrated hydrochloric acid, from which solution it may be 
reprecipitated by the addition of water. 
Di-p-tolylbenzylphosphine, 


| cH-< ae | seat 


2 


forms colourless needles, M.pt. 187° C. 
Diphenoxypseudocumylphosphine,? 


Beer: 
ee EC Oe 
CH, 


is a thick, colourless, pungent oil, B.pt. 283° C. at 40 mm., density 1-144 
at 15° C., np 1-5085 at 15° C. When kept for a long period it slowly 
forms colourless plates, M.pt. 59° C., and when boiled with water yields 
phenol and pseudocumylphosphinous acid. 


Compounds of the Type AlkAr,P. 


Methyldiphenylphosphine, CH,(C,H;),P, occurs when zinc 
dimethyl is allowed to interact with diphenylchlorophosphine.* It is 
a colourless, refractive oil, B.pt. 284° C., density 1-0784 at 15° C. It 
has a pungent odour, and is miscible with alcohol or benzene, but in- 
soluble in ether. Oxidation converts it into the corresponding oxide. 

Methylditolylphosphine, CH,;(C,H,),P, is a colourless liquid, 
B.pt. 345° C. | 

Ethyldiphenylphosphine, C,H;(C,H;),P, is obtained as a colour- 
less, strongly refractive oil, B.pt. 203° C., having a pungent odour, 
and readily undergoing oxidation with formation of ethyldiphenyl- 
phosphine oxide. 

Ethyldibenzylphosphine, C,H;(C,H;.CH,),P.—This phosphine is 
obtained in the form of its hydrochloride when diethyldibenzylphos- 

1 Michaelis, Annalen, 1901, 315, 93. 
2 Dorken, loc. cit. 


3 Michaelis, Annalen, 1897, 294, 34. 
4 Michaelis and Link, Annalen, 1881, 207, 193. 
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phonium chloride is decomposed by heat.! It boils at 320° to 330° C., 
and is an oily liquid, fuming in air and possessing a pungent odour. 


Compounds of the Type Alk,ArP. 


Dimethylphenylphosphine, (CH,),C,H;.P.2—One molecular pro- 
portion of zine dimethyl in a large volume of benzene is treated with 
one molecular proportion of phosphenyl chloride in the same solvent, 
the mixture being cooled in ice and the air in the apparatus being re- 
placed by carbon dioxide. The reaction takes place smoothly and two 
layers separate, the lower one containing the double compound of the 
base with zinc chloride. This layer is separated, the benzene removed, 
and the residue treated with sodium carbonate, then with solid potassium 
hydroxide several times. 

The phosphine is a colourless, strongly refractive liquid, B.pt. 192° C. 
at 11 mm., density 0:9768, possessing a pungent fishy odour. Exposure 
to the air causes oxidation to the oxide. The base unites with dry 
hydrogen chloride, giving a solid monohydrochloride and a liquid dihydro- 
chloride. The platinichloride crystallises in orange plates. When 
phosphenyl chloride is added dropwise to dimethylphenylphosphine, 
heat is evolved and a solid obtained which appears to be phenyldichloro- 
phosphine. Dimethylphenylphosphine and carbon disulphide react in 
ether solution to form an addition compound, (CH3),CgH;.P.CS.,, which 
crystallises in red scales, melting in an open tube at 97° C. with dissocia- 
tion, and in a closed tube at 101° C.; dry hydrogen chloride or methyl 
iodide causes elimination of the carbon disulphide and the formation 
of phosphonium compounds, whilst water tends to cause slow decom- 
position at ordinary temperatures. The double compound has basic 
properties and yields a pale yellow, amorphous platinichloride, 
[(CH;).CgH;.P.CS,.HCl],PtCl,, which slowly loses carbon disulphide 
on exposure to the air. Combination between dimethylphenylphos- 
phine and benzal chloride gives a deliquescent compound which forms 
a pale yellow platinichloride, M.pt. 50° C., having the composition 
[HO.CH.C,H;(CH,).P(C,H; )Cl],PtCl, The same substance also occurs 
if the benzal chloride is replaced by benzaldehyde and the mixture 
heated to 100° C. in the presence of aluminium chloride. The course 
of the reaction 1s represented as follows : 


C,H 
C,H;.CHO + (CH;),.C,H;.P —> C,H;.CH Ee ee and C,H;.CH(OH) pe ve Cl 
BN Ane IEE N(CH)» 


Dimethyl-p-tolylphosphine, (CH,),C,H,.P, isolated in a similar 
manner to the foregoing phosphine, is a colourless, pungent liquid, 
B.pt. 210° C., which is not oxidised in air, but yields dimethyl-p-tolyl- 
phosphine oxide on treatment with mercuric oxide. It reacts violently 
with methyl iodide to form the corresponding phosphonium compound. 
Benzyl chloride forms a non-crystalline product with the phosphine, 
this substance forming a platinichloride, M.pt. 226° C. The phosphine 
gives a carbon disulphide compound, yielding clear red plates, M.pt. 
110° C. in an open tube, 116° C. in a closed tube. 

1 Collie, Trans. Chem. Soc., 1888, 53, 714, 720. ° 

* Michaelis and Ananoff, Ber., 1875, 8, 493; Michaelis, Annalen, 1876, 181, 265; 


Kohler and Michaelis, Ber., 1877, 10, 807; Czimatis, ibid., 1882, 15, 2014; Holle, cbid., 
1892, 25, 1518. 
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Dimethyl-m-xylylphosphine, (CH,;),C,H,.P.—This compound 
was first described as a colourless liquid, B.pt. 230° C.1 Further in- 
vestigation ? produced a liquid of B.pt. 233° C. It is difficult to know 
whether the latter product was pure, since the starting material was 
m-xylyldichlorophosphine, M.pt. 256° C., isolated from a mixture of 
the 1:3: 4- and 1:38: 5-isomers. The phosphine forms a double 
compound with carbon disulphide which crystallises in red needles or 
plates, M.pt. 115° C., and also a methiodide capable of existing in two 
isomeric forms. 

Diethylphenylphosphine, (C,H;),C,H;.P, is prepared in a similar 
manner to the corresponding dimethyl compound. It is a colourless 
liquid, having a pungent odour and boiling at 221-:9° C.; density 
0:9571 at 13° C. It is not readily oxidised in air, but detonates when 
warmed in pure oxygen, carbon separating out. It inflames in contact 
with chlorine, but if the latter is diluted with air the normal dichloride 
is formed. Dry hydrogen chloride reacts to form a dihydrochloride, 
which on distillation decomposes to the free base and probably a mono- 
hydrochloride. 'The latter is deliquescent in air and insoluble in ether ; 
its aqueous solution with platinic chloride gives a yellow crystalline 
platinichloride, |(C,H;),C,H;.P.HC1],PtCl,, melting at 100° C. to a 
resinous mass. Combination between the phosphine and methyl 
iodide takes place with explosive violence, but reaction with carbon 
disulphide is slow, a red product resulting; no compound is isolated 
by the action of benzaldehyde.* In the undiluted state the phosphine 
reacts explosively with phenyl azide, but in ether solution a crystalline 
compound results.® The base will dissolve sulphur when added in small 
quantities and the mixture gently warmed, the sulphide, (C,H;),.C,H;.PS, 
probably being formed. 

Diethylbenzylphosphine, (C,H,),(C,H;CH,)P, occurs in the form 
of its hydrochloride when triethylbenzylphosphonium chloride is heated 
above 300° C. The hydrochloride boils at 325° to 330° C., and is con- 
verted into the free phosphine by sodium hydroxide. The base boils 
at 250° to 255° C.,® fumes in air, and is easily oxidised. Nitric acid 
converts it into the oxide. 

Diethyl-o-tolylphosphine, (C,H;),C,H,.P, is a colourless liquid, 
B.pt. 263° C., and possessing an unpleasant odour.’ 

Diethyl-p-tolylphosphine, (C,H;),C,H,.P, boils at 240° C. 

Diethyl(ethylphenyl)phosphine, (C,H,).(C,H,.C.H,;)P, is a colour- 
less liquid, B.pt. 268° to 270° C., density 0-929 at 17° C. 

Diethylanisylphosphine, (C,H;).(C,H,.OCH3;)P, is isolated as a 
colourless liquid, possessing an intensely pungent odour. It boils at 
266° to 267° C., and has a density of 0-:9978 at 18° C. The platini- 
chloride separates in pale yellow columns, M.pt. 103° C. 

Diethylphenetylphosphine, (C,H;),(C,H,.OC,H;)P, boils at 
275° ©. 

Diethylchlorophenylphosphine, (C,H;),(C,H,C1)P, is a colourless 
liquid which soon becomes yellow. It boils at 255° to 257° C., and has 
an unpleasant odour. 

1 Czimatis, loc. cit. 2 Conen, Ber., 1898, 31, 2919. 
3 Michaelis and Ananoff, loc. cit.; Michaelis, Annalen, 1876, 181, 345. 

4 Czimatis, loc. cit.; Holle, loc. cit. 

: Staudinger and Meyer, Helv. Chim. Acta, 1919, [ii], 619. 


Collie, Trans. Chem. Soc., 1881, 53, 714, 720. 
? Michaelis, Annalen, 1896, 293, 235. 
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Diethylbromophenylphosphine, (C,H;),.(C,H,Br)P, is a colourless 
liquid boiling at 265° C. It has a vile odour, and yields a pale yellow 
platinichloride. 

Diethylxylylphosphine, (C,H,;),C,H ».P, is a colourless liquid, 
B.pt. 260° C. 

Diethylpseudocumylphosphine, (C,H;).C,H,,.P, is a pungent 
liquid, boiling at 274° to 275° C., not oxidised in air. Its platinichloride 
separates as red crystals.’ 

Diethoxypseudocumylphosphine, (C,H;O),CgH,,.P, boils at 
232° to 233° C. at 100 mm., density 1-048 at 15° C., np 1:505. 

Diethylmesitylphosphine, (C,H;),.C,)H,,.P, is a clear liquid, 
B.pt. 170° C., having an unpleasant odour, and not oxidised in air. 
Its platinichloride, (C,H;).CyH,,.P.H.PtCl,, crystallises from dilute 
alcohol as shining orange-yellow crystals. 

Diethylcymylphosphine, (C,H;).C, )H,3.P, boils at 260° to 270° C. 

Diethyl-a-naphthylphosphine, (C,H,),.C,)H,.P, is obtained by 
the interaction of a-naphthyldichlorophosphine and zine diethyl, the 
operation being conducted in cooled benzene and the reaction com- 
pleted by boiling.2 It is a pungent, yellow oil, B.pt. 360° C. with 
partial decomposition. It behaves towards hydrogen chloride, oxygen 
and sulphur in a similar manner to the corresponding phenyl compound, 
but the reactions are less vigorous. 

Di-n-propylphenylphosphine, (C,H,),C,H;.P, occurs when 19 c.c. 
of phenyldichlorophosphine are added to the magnesium n-propyl 
bromide obtained from 36 c.c. of n-propyl bromide and 10 grams of 
magnesium. The yield is 17 grams. The product boils at 159° C. at 
50 mm., and has a density of 0-925 at 25° C.? The mercurichloride 
separates from alcohol as needles, M.pt. 192-5° C. 

Di-n-propyltolylphosphine, (C,H,),.C,;H,.P, boils at 174° C. at 
50 mm. ; its density is 0-921 at 25° C. The mercurichloride crystallises 
from glacial acetic acid as prisms, M.pt. 129-5° C. 

Di-n-butylphenylphosphine, (C,H,),C,H;.P, is a colourless 
liquid, B.pt. 184-5 to 185-5° C. at 50 mm., density 0-9115 at 25° C. Its 
mercurichloride separates from alcohol in fine needles, M.pt. 160-5° C.4 

Di-n-butyl-p-tolylphosphine, (C,H,).C,H,.P, prepared in the 
usual manner, boils at 197° C. at 50 mm., density 0-:9076. The mercuri- 
chloride is isolated from alcohol as prisms, M.pt. 112° C. 

Di-isobutylphenylphosphine, (C,H,),C,H,;.P.—Phenyldichloro- 
phosphine, 11 ¢.c., is added to the Grignard reagent from 47 c.c. of 
isobutyl bromide and 10 grams of magnesium, the yield of phosphine 
being 10 grams.® It boils at 168° C. at 50 mm., and has a density of 
0-910 at 25° C. The mercurichloride yields white needles, melting at 
158-5° C. to a cloudy liquid. 

Di-isobutyl-p-tolylphosphine, (C,H,).C,H,.P, prepared in a 
similar manner to the previous phosphine, boils at 182-5° to 184-5° C, 
at 50 mm., density 0-915 at 25°C. The yield of mercurichloride is small, 
and the product which crystallises from alcohol in cubic crystals does 


not appear to be pure. 
Di-n-amylphenylphosphine, (C;H,,),C,H,;.P.—Phenyldichloro- 


1 Michaelis, Annalen, 1897, 294, 34. 2 Kelbe, Ber., 1878, 11, 1499. 
3 Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 

4 Davies and Jones, J. Chem. Soc., 1929, p. 33. 

5 Davies, Pearse and Jones, loc. cit. 
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phosphine (11:5 c.c.) is added to the Grignard solution from 42 c.c. of 
n-amyl bromide and 8 grams of magnesium. The yield is 10 grams, 
the product boiling at 210° C. at 50 mm., and having a density of 0-902 
at 25° C. The phosphine is only partially miscible with absolute ethyl 
alcohol at 15° C. The mercurichloride crystallises well from alcohol 
and melts at 108° C. 

Di-n-amyl-p-tolylphosphine, (C;H,,),.C,H,.P, boils at 220° C. 
at 50 mm., and has a density of .0-898 at 25° C. It is still less miscible 
with absolute ethyl alcohol than the corresponding phenylphosphine. 
The mercurichloride crystallises well from glacial acetic acid and melts 
ai LL? C. 

Di-isoamylphenylphosphine, (C;H,,).C,H;.P, prepared in the 
usual manner, boils at 198-5° C. at 50 mm., and has a density of 0-900 
at 25° C. The mercurichloride crystallises ‘in needles which melt to a 
cloudy liquid at 152° C. 

Di-isoamyl-p-tolylphosphine, (C,H,,),C,H,.P, boils at 210° C. 
at 50 mm., density 0-894 at 25° C. It is only partially miscible with 
ethyl alcohol at 15° C. It forms a mercurichloride which separates 
from glacial acetic acid in prisms, M.pt. 107° C. 

Di(dl-6-methylbutyl)phenylphosphine, (CH,.C,H,),C,H;.P, is 
obtained by adding 14 c.c. of phenyldichlorophosphine to the magnesium 
dl- B-methylbutyl bromide from 51 ¢.c. of the bromide and 10 grams of 
magnesium. The yield is 8 grams, and the product boils at 198° C. at 
50 mm., density 0-906 at 25° C. The mercurichloride melts at 120° C. 

Di(dl - 8 - methylbutyl)p-tolylphosphine, (CH,.C,H,),C,H,.P, 
boils at 210° to 211° C. at 50 mm., and has a density of 0-902 at 25° C. 
The mercurichloride, prepared in the usual manner, melts at 99° C. 

Di(d - methylamyl)phenylphosphine or Di-isohexylphenyl- 
phosphine, (C,H,;),.C,H;.P.—A solution of 13 c.c. of phenyldichloro- 
phosphine in 100 c.c. of ether is introduced into the Grignard reagent 
prepared from 60 c.c. of 6-methylamyl bromide, 10 grams of magnesium 
and 350 c.c. of ether. The yield is 7 grams, and the product boils at 
219° C. at 50 mm. 

Di(d-methylamyl)p-tolylphosphine, (C,H,;).C,H,.P, boils at 
234° to 235° C. at 50 mm., has a density of 0-888 at 25° C., and gives a 
mercurichloride, M.pt. 110-5° C., which crystallises from glacial acetic 
acid in prisms. 

Di-n-propyl-p-anisylphosphine,’ (C,H,).(C,H,.OCH3)P, boils 
at 165° C. at 17 mm.; density 0-9738 at 25° C.; np 1-5477 at 25° C., 
[Rulp 73-08; np 1:5352 at 25° C., [Rr]p 71-69; no 1-°53801 at 25° C., 
[Rilo 71:12. Its ether solution yields a dibromide in the form of a 
viscous oil, and the mercurichloride, C,,H,,O0P.HgCl,, separates from 
glacial acetic acid in prismatic crystals, M.pt. 134° C. 

Di-n-butyl-p-anisylphosphine, (C,H,).(C,H,.OCH3;)P, boils at 
10OC- ate 16—mm, 3 density 0:9600 atu25° C.; np 1-5889: at.25°:C., 
[Rule 82-28; np 1-5274 at 25° C., [Rri|p 80:82; mo 1-5226- at 25° C., 
[ Ri]o 80-20. 

Di-n-amyl-p-anisylphosphine, (C;H,,).(C,H,.OCH3;)P, boils at 
202--C, at 18 mm.; density 0:9882 at 25°:C.; mp, 1:5289 at 25° C., 
[Ri]r 92:10; np 1:5178 at 25° C., [Rr]p 90-48; no 15132 at 25° C., 
[Rilo 89:80. The mercurichloride forms elongated plates, M.pt. 114° 
C., and the dibromide melts at about 85° C. 

1 Jackson, Davies and Jones, J. Chem. Soc., 1930, p. 2298. 
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Di-n-propyl(p-ethylphenyl)phosphine, (C,H,),(C,H,.C.H;)P,1 
boils at 157° C. at 21 mm. ; density 0-9147 at 25° C. ; np 1-5370 at 25° C., 
[ Ry|p 75°86 ; ND 1:5255: at 25° Gs [Rr]p TA-5O': NG 1-5208 at 25° Ce 
[ Ry]c 73-94. Bromine in ether solution gives an oily dibromide. 

Di - n - butyl(p - ethylphenyl)phosphine, (C,H,).(C,H,.C.H;)P, 
boils at 176° C. at 15 mm.; density 0:9042 at 25° C.; np 1-5819 at 
25° C., [Rup 85°74; np 1-5208 at 25° C., [Ri]p 84-24; no 1-5162 at 
25° C., [Rx]o 83-61. The dibromide is a viscous liquid. 

Di -n - amyl(p - ethylphenyl)phosphine, (C;H,,),(C,H,.C.H,)P, 
boils at 201° C. at 18 mm.; density 0-9022 at 25° C. Its mercuri- 
chloride forms elongated prisms, M.pt. 95° C. 


Compounds of the Type AlkArAr’P. 

Methylphenyl-p-tolylphosphine, (CH,)(C,H,;)(C,H,)P, occurs 
when phenyl-p-tolylchlorophosphine reacts with magnesium methyl 
iodide, the best proportions being four molecular proportions of Grignard 
reagent to one of secondary phosphine.? 

Ethylphenyl-p-tolylphosphine, (C,H;)(C,H,)(C,H,)P, may be 
isolated by treating phenyl-p-tolylchlorophosphine with zine diethyl 
or magnesium ethyl bromide.* It has an intolerable odour, boils at 
340° C., and is readily soluble in concentrated hydrochloric acid. It 
yields a platinichloride which crystallises in pale yellow needles. 

Ethylphenylpseudocumylphosphine, (C,H,;)(C,H;)(C,H,,)P, is 
a pale yellow viscous oil of unpleasant odour.* It boils normally at 
352° C. or at 225° to 230° C. at 10 mm. It forms a mercurichloride 
and a platinichloride. 


CoMPOUNDS OF THE TyPE R,PX (PHOSPHONIUM CoMPOUNDS). 


The following eight types of compounds are included under the 
general formula R,PX: Ar,PX, AlkAr,PX, Alk,Ar,PX, AlkAlk’Ar,PX, 
Alk,ArPX, Alk,Alk’ArPX, AikAlk’ArAr’PX, (ArO),AIkPX, and com- 
pounds represented by such formule as C,H;.P(NC;H,,),(CH;)I and 
(C,H, )N);P(CH,)I. It should be noted that the phosphines corre- 
sponding to the last three formule would not be considered to be organo- 
metallic from the point of view of this volume since they contain 
phosphorus directly linked to oxygen or nitrogen, but when the phos- 
phorus becomes pentavalent, with the formation of a phosphonium 
compound, a link is made with a carbon atom, necessitating inclusion 
in this book. 

The general equation for the preparation of phosphonium — com- 
pounds of the type Alk,Ar,PX is 


AlkAr,P + AlkX = Alk,Ar,PX 


All the compounds Alk,Ar,PX are solids of high melting-point and 
yield platinichlorides, yellowish-red crystalline substances. Similar 
remarks apply to the type AlkAlk’Ar,PX. 

The trialkyl compounds, Alk,ArPX, are obtained from dialkylary]l- 
phosphines and alkyl halides : 


Alk,ArP + AlkX = Alk,ArPX 


1 Jackson, Davies and Jones, loc. cit. 

2 Radcliffe and Brindley, Chemistry and Industry, 1923, 42, 64. 

8 Michaelis, Annalen, 1901, 315, 60; Wedekind, Ber., 1912, 45, 2933. 
4 Michaelis, loc. cit. 
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They usually crystallise in needles and yield platinichlorides. Silver 
oxide reacts with aqueous solutions of the iodides giving deliquescent 
hydroxides. 

Mixed trialkyl derivatives, Alk,Alk’ArPX, are formed by treating 
dialkylarylphosphines with alkyl halides containing a different radical 
to the phosphine : 


Alk,ArP + Alk’X = Alk,Alk’ArPX 


All are well-defined crystalline products, the platinichlorides being 
known in some cases. 

The compounds AlkAlk’ArAr’PX occur when the type AlkArAr’P 
is used as the starting-point and treated with an alkyl halide. 

The preparation of the aryloxy-derivatives and the N-phosphonium 
compounds consists in direct addition of the alkyl halides to the phos- 
phines. 


Compounds of the Type Ar,PX. 


Tetraphenylphosphonium bromide, (C,H;),PBr.1—Four grams 
of triphenylphosphine in 8 c.c. of absolute ether are added to the 
Grignard solution from 1:48 grams of magnesium and 9-56 grams of 
bromobenzene in 60 c.c. of absolute ether, the reaction being carried 
out in an atmosphere of hydrogen. The whole is then cooled in ice 
and a stream of dry oxygen passed in for ninety minutes, the mixture 
being well shaken. Hydrobromic acid (9-5 c.c. of 48 per cent. acid 
and 20-5 c.c. of water) is then gradually added to the cooled solution, 
which is continually agitated, two layers separating in the reaction 
flask. 'The aqueous bottom layer yields a copious crystalline precipitate ; 
the upper ether layer is separated and extracted three times with more 
ether. The crystals dissolve on warming in the aqueous mother liquors 
and separate on cooling as pale yellow needles. The yield is 4:65 grams 
or 72-7 per cent. Purification is effected by solution in alcohol and 
recrystallisation. The product melts at 281° to 284° C. Crystallisation 
from water gives colourless needles, (C,H;),PBr.2H,O, the water 
being eliminated in vacuo and the water-free compound melting at 
287° C. The compound is very soluble in alcohol or chloroform, readily 
soluble in hot water but sparingly in cold water, insoluble in benzene 
or ether. The above reaction is regarded as taking place in five stages, 
as follows : 


(C,H;)3P + (C,H;)» ee H, (CoH), es H; 
=} + (C,H,),0 
(C,H,),0 OPN: (C,Hs) SEN 
(CoH see. C,H; 
(CgH5)3P C,H; . . # 
Mec +0 ani \t. 
(CH,).0 Br aes 
(CyHs),0” \Br 
(C,H;)3P< “CoH (CH) ne O(C,H5)2 
ae oe 
pie +(C,H;),0 ——> Mg 
(C,H,),0° Ey Bre (C,H), 


1 Dodonov and Medox, Ber., 1928, 61, [B], 907. 
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+HiOH 
(CoHs)aP. O(C.Hs)2 
OMe. —-—> (C,H;),P.0OH Pe +2(C,H;),0 
oo Br 
Br” -.0(CyHs)s 


OH 
(C,H;),P.0H + Ma +2HBr —-> (C,H,),PBr+MgBr, +2H,0 
Br 


The bromide also occurs amongst other products when phenyl 
magnesium bromide reacts with phosphorus pentachloride.+ 

When the bromide in aqueous solution is digested for several hours 
with freshly precipitated silver oxide it yields a strongly alkaline solution 
ot tetraphenylphosphonium hydroaide, which readily loses benzene when 
concentrated even in a vacuum, yielding a residue of triphenylphosphine 
oxide, M.pt. 154-5° to 155° C., and tetraphenylphosphonium carbonate. 
Treatment of an aqueous solution of the hydroxide with hydrochloric 
acid gives tetraphenylphosphonium chloride, separating from water in 
large glistening needles containing five molecules of water of crystal- 
lisation ; the water-free salt melts at 265° C. In a similar manner a 
normal sulphate is obtained which has eighteen molecules of water, the 
anhydrous salt having no definite melting-point. The corresponding 
nitrate melts with decomposition at 284° C., and the zodide melts at 333° C. 

Tetrabenzylphosphonium iodide, (C,H,;.CH,),PI, occurs when 
one part of phosphonium iodide and two parts of benzyl alcohol are 
heated together for six to eight hours in a sealed tube at 100° C.2 It 
forms white crystals, M.pt. 191° C., readily soluble in chloroform, ether 
or alcohol, becoming slightly yellow on exposure to the air. This 
iodide may be transformed in the usual manner into the chloride, bromide, 
sulphate or nitrate, all of which form white, shining crystals. Double 
salts are obtained with platinic chloride, and auric, mercuric and stannic 
chlorides.. A picrate is known. 


Compounds of the Type AlkAr,PX. 

Methyltriphenylphosphonium iodide,? (CH,)(C,H,;),PI.—Tri- 
phenylphosphine combines violently with methyl iodide to yield the 
phosphonium iodide, which consists of shining plates, M.pt. 165° to 
166° C. The corresponding chloride crystallises with one molecule of 
water, which is eliminated at 100° to 110° C., the anhydrous compound 
melting at 212° to 218° C.; its platinichloride forms orange needles, 
M.pt. 237° to 238° C. 

Ethyltriphenylphosphonium iodide forms broad, colourless 
plates, M.pt. 164° to 165° C. The n-propylphosphonium iodide melts at 
201-5° C. ; the tsopropylphosphonium iodide yields prisms, M.pt. 191° C. ; 
the zsobutylphosphonium iodide separates in plates or needles, M.pt. 
176° to 177° C.; and the isoamylphosphonium ‘iodide crystallises in 
colourless prisms, M.pt. 147° C. 

Methyltri-p-tolylphosphonium iodide, (CH,)(C,H-,),PI, 
separates from water in needles and from alcohol in columns, M.pt. 
108° C. The chloride forms long plates containing two molecules of 


1 Kolitowska, Rocz. Chem., 1928, 8, 568. 2 Ledermann, Ber., 1888, 21, 405. 
3 Michaelis and Gleichmann, Ber., 1882, 15, 801. 
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water, M.pt. 80° C.; it yields a platinichloride, red needles, M.pt. 245° C. 
The ethyl-, n-propyl- and isopropyl-phosphonium iodides all crystallise 
in needles, and melt at 185° C., 182° C. and 184° C. respectively. 

Methylene-hexaphenylphosphonium iodide, CH,|(C,H;);PI]., 
occurs when methylene iodide combines with triphenylphosphine. 
It separates as glistening needles, becoming yellow at 190° C. and melting 
with decomposition at 230° to 231° C. Ethylene dibromide forms 
ethylene-hexaphenylphosphonium bromide, C,H,|(CgH;),PBr],, a colour- 
less crystalline powder melting above 360° C. 
! Ethyltribenzylphosphonium chloride, (C,H;)(C,H;.CH,.),PCl, 
is obtained by heating ethyldibenzylphosphine with an excess of benzyl 
chloride. It is purified by crystallisation from water and the crystals 
contain a molecule of water of crystallisation. Its decomposition on 
heating is not definite, but may take place according to the equations 

(CoH: )(C.H.-CH.).PCl—(C,H.CH.).P + CH, +HCl 
OCC Hy (© HCH aPC) =2(CoH (C,H; CH,) PHC] +C;,H,. 

It gives a platinichloride, [(C,H;)(CgsH;.CH,),P],PtCl,, when treated 
with platinic chloride. This product is insoluble in cold water, but 
more soluble in alcohol and hot water. 


Reaction between Alkali Metal Alkyls and Phosphonium Halides.?— 
Sodium triphenylmethyl reacts in ether solution with methyltripheny]- 
phosphonium iodide giving the basic carbonate of methyldiphenylphos- 
phine oxide, 


ay HC 
ie oo (C,Hs). 


which melts with gas evolution at 109° to 111° C. 
Lithium n-butyl and ethyltriphenylphosphonium iodide yield ethyl- 
diphenylphosphine oxide, 
(CgH,)sP.CyH, + LiC,H, —> (C,H,)3P =CH.CH, + Lil + C,Hyo 


| 
I 


(OsMeP =CH.CHs+ H.O.. => (0,H,),P.C,H,' > (C,H,),P.0,H, + CoH, 
| 
On 

The reaction between isopropyltriphenylphosphonium bromide and 
sodium triphenylmethyl] gives a coloured solution, which in moist air 
becomes colourless and furnishes isopropyldiphenylphosphine oxide, 
M.pt. 142° to 148° C., the course of the reaction probably being as 
follows : : 


(CoH5)2 


CH, 
| CH, 
(CyH,),P—CH + NaC(CyH,) —> (CoHy)sP=CC + NaBr + CH(CyH,)s 
CH 


Br CH, 
CH, CH, 
CH, | 
(C,H,)_P 0K O02 (CH) een). (C.H),P—-—~CH = C,H, 


CH, | | er | 
OH CH, O CH, 


1 Collie, Trans. Chem. Soc., 1888, 53, 714, 720. 
2 Coffman and Marvel, J. Amer, Chem. Soc., 1929, 51, 3496. 
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Lithium n-butyl and triphenyldiphenylmethylphosphonium bromide 
yield triphenylphosphine-diphenylmethylene, and the same product 
results when sodium triphenylmethyl replaces the lithium n-butyl. 


Methyltri-m-xylylphosphonium iodide, (CH,)(C,H,),PI, melts 
at 230-5° C. The ethiodide melts at 225° C., and the platinichloride at 
252° C. 

Methyltri-p-xylylphosphonium iodide, (CH,)(C,H,),PI, melts 
at 169° C., and the corresponding ethiodide at 220° C. 

Methyltripseudocumylphosphonium iodide, (CH,)(C,H,,)3PI, 
melts at 291° C. 

Methyltrimesitylphosphonium iodide, (CH,)(C,H,,),PI, is a 
yellow powder, M.pt. 269° C., readily soluble in water or alcohol. | 

Methylchlorophenyldi - p - tolylphosphonium iodide, (CH;) 
(CIC,H,)(CH,.C,H,),PI,! crystallises in needles, M.pt. 185° C. The 
corresponding chloride contains four molecules of water and melts 
at 72° C.; it gives a platinichloride melting with decomposition at 
235° C. The ethylphosphonium and benzylphosphonium compounds 
melt at 176-5° C. and 257° C., respectively, the latter containing two 
molecules of water. 

Benzyltriphenylphosphonium chloride, (C,H,;.CH,)(C,H;),PClL, 
obtained from triphenylphosphine and benzyl chloride, crystallises 
from water with one molecule of solvent. The crystals are small, white 
rhombs, which slake in air, melt at 287° to 288° C., and are soluble in 
alcohol but insoluble in ether. Treatment with concentrated potassium 
bromide yields the corresponding phosphonium bromide, small prisms, 
M.pt. 274° to 275° C.; the iodide, M.pt. 253° C., is obtained in a similar 
manner. The following benzyltriphenylphosphonium salts are also 
known: nitrate, glistening prisms melting with decomposition at 203° C. ; 
prcrate, golden-yellow needles, M.pt. 148° C.; dichromate, red needles 
decomposing at 172° to 174° C.; and thiocyanate, prisms, M.pt. 189° C. 

Methyltri-biphenylphosphonium iodide,? (CH,)(C,H;.C,H,),PI, 
is obtained in quantitative yield when the components are mixed. It 
separates from alcohol as sparkling plates melting with decomposition 
at 135° to 136° C. 

Allyltri-biphenylphosphonium bromide,(C,H,)(C,H,.C,H,),PBr, 
forms narrow plates, M.pt. 195° to 196° C. The corresponding 
benzylphosphonium compound crystallises in plates, softening above 
269° C. and melting at 277° C. The phosphonium compound from 
tri-biphenylphosphine and ethyl chloroacetate yields square plates, M.pt. 
164° to 165° C, 


Compounds of the Type Alk,Ar,PX. 


Dimethyldiphenylphosphonium iodide, (CH,),(C,H;),PI, occurs 
when methyl iodide reacts with methyldiphenylphosphine. It crystal- 
lises in needles, M.pt. 241° C., and the platinichloride, |(CH3).(CgHs;).P], 
PtCl,, as yellowish-red needles, M.pt. 218° C.3 

Diethyldiphenylphosphonium iodide, (C,H;).(C,H;).PI, ob- 
tained from ethyldiphenylphosphine and ethyl iodide, forms colourless 

1 Michaelis, Annalen, 1901, 315, 93. 


2 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 
3 Michaelis and Link, Annalen, 1881, 207, 193. 
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crystals, M.pt. 204° C., soluble in hot water but insoluble in ether. 
When heated in an atmosphere of carbon dioxide, ethyl iodide is not 
removed. The platinichloride, |(C,H;).(Cg>H;)2P],PtCl,, crystallises in 
yellowish-red needles, M.pt. 218° C. 

Diethyldibenzylphosphonium chloride, (C,H,),(C,H;.CH,).PCl, 
erystallises from water. Its platinichloride forms slender needles. 
Decomposition by heat takes place as follows :—? 


(C,H,),(C,H,.CH,),PCl = (C,H;)(C,H;.CH,),.PHCl + C,H, 


Compounds of the Type AlkAlk’Ar,PX. 


Methylethyldiphenylphosphonium iodide,? (CH,)(C,H;) 
(C,H,;),P1.—This iodide is prepared by the interaction of methyl- 
diphenylphosphine and ethyl iodide. It forms rhombic crystals, M.pt. 
181° C. A platinichloride, [(CH,)(C,H;)(CgH,;).P],PtCl,, M.pt. 220° C., 
and a picrate, yellow needles, M.pt. 86° C., exploding when strongly 
heated, may be isolated from the iodide. 


Compounds of the Type Alk,ArPX. 

Trimethylphenylphosphonium iodide, (CH,),C,H;.PI, is iso- 
lated by the interaction of dimethylphenylphosphine and methyl 
iodide ; it separates as snow-white crystals, M.pt. 205° C.* 

Trimethyl-p-tolylphosphonium iodide, (CH;),C,H,.PI.— 
Dimethyl-p-tolylphosphine reacts violently with methyl iodide, forming 
the phosphonium compound. This consists of colourless needles, M.pt. 
255° C., readily soluble in cold water, reacting with silver oxide to 
give a deliquescent basic mass which forms an orange-yellow platini- 
chloride crystallising in plates, M.pt. 280° C. The iodide combines with 
iodine to form a periodide, (CH3),C,H,.PI,, erystallising from alcohol 
in steel-blue rhomboids, sparingly soluble in benzene or ether. 

Trimethyl-m-xylylphosphonium iodide, (CH,),C,H,.PI.—The 
iodide obtained by treating dimethyl-m-xylylphosphine with methyl 
iodide is capable of existing in two isomeric forms.* The a-codide 
crystallises in scales or feathery needles, M.pt. 265° C., fairly soluble 
in water or alcohol and insoluble in ether. The f-iodide forms bushy 
needles. It is possible that these compounds have the following 


formule :— 
CH, CH, 
_OH, pone PCE. 
‘is HONS 
(CH,),=P—I I 
a-lodide f-lodide 


This would mean that the dimethyl-m-xylylphosphine used as starting 
material is not pure, but a mixture of two isomers. The a-iodide forms 
a hydrowide, from which a chloride crystallising in white needles, M.pt. 
110° C., may be isolated. A  platinichloride, Chie )sCallg-E lo tCl,, 
yellow bushy needles from water, and a gold salt, (CH,),C,Hy.P.AuCcl, 
long yellow needles, have also been described. 

1 Collie, Trans. Chem. Soc., 1888, 53, 714. 2 Michaelis and Link, Joc. cit. 

8 Michaelis, Annalen, 1876, 181, 359. 4 Conen, Ber., 1898, 31, 2919. 
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Triethylphenylphosphonium iodide, (C,H,),C,H;.PI.—Diethyl- 
phenylphosphine and ethyl iodide yield this phosphonium compound 
in fans of needles, M.pt. 115° C., which cannot be distilled without 
decomposition, but are not decomposed by potassium hydroxide 
solution. A hydroxide and a platinichloride are known, the chloride 
melting below 100° C. 

Triethylbromophenylphosphonium iodide, (C,H;),(C,H,Br)PI, 
is a white crystalline compound, M.pt. 165° C.? 

Triethyl-o-tolylphosphonium iodide, (C,H,;),C,H,.PI, crystal- 
lises in colourless needles, M.pt. 162° C. 

Triethylbenzylphosphonium chloride, (C,H,;)3(C,H;.CH,)PCL. 
—This derivative is prepared by warming a large excess of benzyl 
chloride with triethylphosphine.? It crystallises from water in needles, 
and yields a platinichloride, M.pt. 78° C. When heated above 300° C. 
decomposition occurs according to the equation 


(C,H,)(CoH5)3PCl = (C,H, )(CoH;).PHCI + C,H, 


Other phosphonium salts which may be obtained from the chloride 
in the usual manner are as follows, the compounds in brackets being 
the decomposition products formed when the salts are heated to a high 
temperature: bromide (almost totally decomposed; only resembles 
the chloride to a slight extent); * hydroxide (triethylphosphine oxide, 
toluene); carbonate and acid carbonate (triethylphosphine oxide, 
toluene, carbon dioxide); sulphate (2 mols. triethylphosphine oxide, 
stilbene, carbon dioxide) ; acetate (triethylphosphine oxide and methyl 
tolyl ketone, and to a smaller extent triethylphosphine and the methyl 
ester of toluic acid) ; owalate (triethylphosphine oxide, toluene, carbon 
monoxide, carbon dioxide). 

Triethylanisylphosphonium iodide, (C,H;),(C,H,.OCH,)PI, 
occurs as long colourless needles, M.pt. 65° C.; the platinichloride 
melts at 148° C. 

Triethyl-m-xylylphosphonium iodide, (C,H,),C,H,.PI, is a 
white crystalline powder, M.pt. 136° C. 

Tri-n-propylphenylphosphonium bromide, (C,H,),;C,H;.PBr, 
melts at.181-5° C.5 

Tri-n-propyl-p-tolylphosphonium bromide, (C,H,),C,H,.PBr, 
is obtained only with difficulty when p-tolyldi-n- propylphosphine iS 
refluxed with n-propyl bromide in ether solution. It forms well- 
developed, hygroscopic needles, M.pt. 125-5° C. 


Compounds of the Type Alk,Alk’ArPX. 


Dimethylethylphenylphosphonium iodide, (CH,),(C,H;) 
(C,H,)PI, is obtained from dimethylphenylphosphine and_ ethyl 
iodide.® It separates from ether solution as white crystals, M.pt. 137° C. 

Dimethylbromethylphenylphosphonium bromide,’ (CH), 
(C,H,Br)(C,H;)PBr, is produced when dimethylphenylphosphine 

1 Michaelis and Ananoff, Ber., 1875, 8, 493; Michaelis, Annalen, 1876, 181, 345. 

2. Michaelis, Annalen, 1896, 293, 235. 

> Collie, Trans. Chem. Soc., 1888, 53, 714, 720; compare Hofmann, Annalen Suppl., 
1861, 1, 323. 

4 Collie, Phil. Mag., 1887, [5], 24, 27. 

5 Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 

6 Michaelis and Ananoff, loc. cit.; Michaelis, Annalen, 1876, 181, 265; Kohler and 
Michaelis, Ber., 1877, 10, 807. ‘ Gleichmann, Ber., 1882, 15, 198. 
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(1 mol.) and ethylene dibromide (1 mol.) interact. It crystallises in 
colourless tablets, M.pt. 173° C., readily soluble in hot water or alcohol. 
Silver nitrate precipitates half the bromine as silver bromide, whilst 
silver oxide removes the whole of the halogen. With platinic chloride 
an orange crystalline powder is produced which has the composition 
[(CH3).(C,H;)(C,H,Br)PBr],PtCl,; bromine forms an addition product, 
(CH;).(C,H;)(C,.H,Br)PBr.2Br,, which loses its bromine when warmed 
in air. On heating a concentrated alcoholic solution of the bromide 
with a further quantity of dimethylphenylphosphine, a crystalline 
precipitate of ethylenetetramethyldiphenylphosphonium bromide is ob- 
tained. This melts above 300° C., and gives a deep red platinichloride. 
All the bromine is removed from it by silver nitrate. Apparently it 
ean add on five molecules of bromine, forming a red powder, soluble in 
glacial acetic acid with loss of bromine, a yellow bromine addition 
product separating out in needles, M.pt. 171° C., of the constitution 
C,H, (CH;).(C.H;)PBr],Br,. 

Diethylmethylphenylphosphonium iodide, (C,H;),(CH;) 
(C,H,)PI.1—Diethylphenylphosphine combines with methyl iodide 
with explosive violence, so that the latter must be added dropwise. 
The iodide melts at 95° C. and gives a hydroaide and platinichloride. 

Diethylmethylchlorophenylphosphonium iodide, (C,H;),(CH;) 
(C,H,CI1)PI, is isolated as a snow-white crystalline powder, M.pt. 97° 
to 98° C.? It is derived from diethylchlorophenylphosphine and methyl 
iodide. 

Diethylmethylbromophenylphosphonium iodide, (C,H;),.(CH;) 
(C,H,Br)PI, crystallises in shining white needles, M.pt. 135° C. 

Diethylmethyl-o-tolylphosphonium iodide, (C,H;),(CH,) 
(C,H,)PI.—The starting-point for the preparation of this compound 
is diethyl-o-tolylphosphine. It yields colourless needles, M.pt. 
98% C. 

Diethylmethyl-p-tolylphosphonium iodide, (C,H;),(CH;) 
(C,H,)PI, is obtained in colourless needles, M.pt. 187° C., and yields a 
platinichloride which crystallises in transparent yellow plates. 

Diethylmethyl(ethylphenyl)phosphonium iodide, (C,H;). 
(CH,)(C,H,.C,H,;)PI, separates in needles, M.pt. 185° C. The phenyl- 
hydrazone, C,H,P =N.NH.C,H;, melts at 139° C. The hydroxide is 
only known in solution; the platunichloride forms yellow needles, 
M.pt. 195° C.3 

Diethylmethylanisylphosphonium iodide,* (C,H;),(CH;,) 
(C,H,.OCH,)PI, crystallises in colourless needles, M.pt. 91° C., and 
yields a platinichloride, M.pt. 142° C., which crystallises in brownish 
prisms. 

Diethylmethylphenetylphosphonium iodide, (C,H;),(CH;) 
(C,H,.OC,H,;)PI, is more soluble in water than the previous compound. 
It melts at 60° C. and the platinichloride crystallises in needles, M.pt. 
208° C. 

Diethylmethyl-m-xylylphosphonium iodide, (C,H;),(CH3;) 
(C,H,)PI, is a white crystalline powder, M.pt. 90° C. The platini- 
chloride derived from it forms cadmium-yellow plates, M.pt. 202° C. 


1 Michaelis and Ananoff, Ber., 1875, 8, 493; Michaelis, Annalen, 1876, 181, 345. 
2 Michaelis, Annalen, 1896, 293, 235. 

3 Jackson, Davies and Jones, J. Chem. Soc., 1930, p. 2298. 

4 Michaelis, loc. cit. 
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Diethylmethylpseudocumylphosphonium iodide, (C,H,).(CH;) 
(C,H,,)PI, is isolated as white, rhombic plates, M.pt. 160° C.+ 

Diethylmethylmesitylphosphonium iodide, (C,H;),(CHs;) 
(CjH,,)PI, forms colourless, glistening needles, M.pt. 125° C. with 
decomposition, quickly becoming brown in air. 

Diethyimethylcymylphosphonium iodide, (C,H;).(CH;) 
(C,,H,3)PI, is a non-crystalline product. | 

Diethylmethyl-a-naphthylphosphonium iodide, (C,H;),(CH;) 
(C,)H,)PI, crystallises from water in colourless plates, M.pt. 209° C., 
which are affected by sunlight, soon becoming yellow. 

Di-n-propylmethylphenylphosphonium iodide, (C,;H,),(CH;) 
(C,H,)PI, may be recrystallised from water and melts at 187° C.? 

Di-n-propylmethyl-p-tolylphosphonium iodide, (C,H,).(CH,) 
(C,H,)PI, melts at 81-5° C. and can be crystallised from alcohol. 

Di-n-butylmethylphenylphosphonium iodide, (C,H,),(CH;) 
(C,H,)PI, crystallises from aqueous solution as well-defined rods, 
M.pt. 168° C.? The corresponding ethiodide melts at 147° C. and is 
best recrystallised from alcohol-ether. 

Di-n-butylmethyltolylphosphonium iodide, (C,H,),(CH;) 
(C.H,)PI, melts at 180-5° C. 

Di-isobutylmethylphenylphosphonium iodide, (C,H,),(CH,) 
(C,H,)PI, crystallises from water as pearly leaflets, M.pt. 166-5° C.¢ 

Di-isobutylmethyl-p-tolylphosphonium iodide, (C,H,),(CH;) 
(C,H,)PI, separates as an oil which crystallises only on long preservation. 

Di-n-amylmethylphenylphosphonium iodide, (C,;H,,).(CHg,) 
(C,H;)PI, is prepared from phenyldi-n-amylphosphine and methyl 
iodide. It forms leaflets from water, M.pt. 90-5° C. 

Di-n-amylmethyl(p-ethylphenyl)phosphonium chloroplatin- 
ate, [(CH,)(CgH,)(C,;H,,).P].PtCl,, forms yellow crystals of indefinite 
melting-point. °® , 

Di-n-amylmethyl-p-tolylphosphonium iodide,® (C;H,,).(CH;) 
(C,H,)PI, is an oil which crystallises only on long standing. 

Di-isoamylmethylphenylphosphonium iodide, (C,;H,,).(CH,) 
(C,H,)PI, forms soft pearly flakes from water, M.pt. 181-5° C. 

Di-isoamylmethyl-p-tolylphosphonium iodide, (C;H,,).(CH;) 
(C,H,)PI, separates from water as hard prisms. 

Di(dl- 8-methylbutyl)methylphenylphosphonium iodide, 
(C;H,,).(CH3;)(C,H;)PI, prepared from phenyldi(dl- 8-methylbutyl)- 
phosphine and methyl iodide, crystallises from water in glistening 
plates, M.pt. 150° C. 

Di(dl- 8-methylbutyl)methyl-p-tolylphosphonium iodide, 
(C;H,,),.(CH;)(C,H,)PI, separates from water in rods, M.pt. 131° C. 

Di(d5-methylamyl)methylphenylphosphonium iodide, (C,H,3), 
(CH,)(C,H;)PI, melts at 146° C., and the corresponding ethyl compound 
crystallises as glistening flakes from water, M.pt. 115-5° C. 

Di(d5-methylamyl)methyl-p-tolylphosphonium iodide, (C,H,3). 
(CH,)(C,H,)PI, is known, but it is difficult to crystallise. 


1 Michaelis, Annalen, 1897, 294, 34. 

2 Davies, Pearse and Jones, loc. cit. 

3 Tbid. 

4 Ibid. 

5 Jackson, Davies and Jones, J. Chem. Soc., 1930, p. 2298. 
6 Davies, Pearse and Jones, loc. cit. 
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Di-n-propyimethyl-p-methoxyphenylphosphonium iodide, 
(C.H.).(CH,)(C,.H,.0CH,)PI,! melts at 60° C. 

Di-n-butylmethyl-p-methoxyphenylphosphonium chloro- 
platinate, [(C,H,),(CH,)(C,H,.OCH;)P]|,PtCl,, forms fine yellow 
needles, and, after crystallisation from alcohol, melts at 196° C. 

Di-n-butylmethyl-p-methoxyphenylphosphonium iodide, 
(C,H,).(CH,;)(C,H,.OCH,)PI, melts at 86° C. 

Di-n-amylmethyl-p-methoxyphenylphosphonium iodide, 
(C5H,,).(CH;)(C,H,.OCH,)PI, is a liquid which cannot be crystal- 
ised. 

Di-n-amylmethyl-p-methoxyphenylphosphonium chloro- © 
platinate, [(C;H,,).(CH,)(C,H,.OCH,)P],PtCl,, separates from alcohol 
in yellowish-brown hexagonal plates, M.pt. 153° C. 


Compounds of the Type AikAlk’ArAr’PX. 


_ Methylethylphenyl-p-tolylphosphonium iodide, (CH,)(C.H;) 
(C,H,)(C,H,)PI, melts at 150° C., and is obtained by treating ethyl- 
phenyl-p-tolylphosphine with methyl iodide.? Treatment of the iodide 
with silver d-camphor sulphonate in dilute alcohol gives methylethyl- 
phenyl-p-tolylphosphonium d-camphor sulphonate, which separates 
from ethyl acetate as colourless needles, M.pt. 128° C. This product 
in dilute alcohol gives the value |[M]p= +101-6°, and in absolute 
alcohol [M]p = +103-85°, these values giving for the phosphonium 
ion [M]p=+52-15°. The molecular rotation diminishes from 
[M]p = + 103-85° to [M]p = + 59-89° when 10 c.c. of the solution are 
diluted with 25 c.c. of water and filtered. 
; Methylethylphenylpseudocumylphosphonium iodide, (CH,) 
(C,H;)(C,H;)(CgH,,)PI, is a yellow oil which yields a crystalline 
platinichloride of M.pt. 186° C.? 
Ethylphenyl-p-tolylbenzylphosphonium iodide, (C,H;)(C,H;) 
(C,H,)(C,H;.CH,)PI, melts at 192° C., and when converted to the 
d-camphor sulphonate gives an amorphous glassy mass which cannot 
be crystallised. The corresponding bromide deposits colourless needles 
from alcohol, M.pt. 215-5° C. 
Methylallylphenyl-p-tolylphosphonium iodide, (C,H,)(CHs) 
(C,H,)(C,H,.CH,)PI.—22 grams of phenyl-p-tolylmethylphosphine, pre- 
pared from phenyl-p-tolylchlorophosphine and zinc dimethyl, are treated 
with 20 grams of allyl iodide in dry ether solution. The whole is placed in 
a freezing mixture and crystals soon separate. Recrystallisation from 
alcohol containing a little water, and finally from alcohol-ether mixture, 
yields colourless, glistening needles, commencing to decompose at 
170° C. and melting at 175° to 177° C.* The iodide is soluble in water 
or alcohol, less soluble in acetone, insoluble in ether, benzene and light 
petroleum. Treatment with the silver salts of d-camphor- f-sulphonic 
acid, d-a-bromocamphor-z-sulphonic acid or d-a-bromocamphor- p- 
sulphonic acid only yields uncrystallisable products. Attempts to 


1 Jackson, Davies and Jones, J. Chem. Soc., 1930, p. 2298. 

2 Wedekind, Ber., 1912, 45, 2933; Michaelis (Annalen, 1901, 315, 60) gave the melting- 
point as 138° C. 

3 Michaelis, loc. cit. 

4 Pope and Gibson, Trans. Chem. Soc., 1912, 101, 735; compare Radcliffe and Brindley, 
Chemistry and Industry, 1923, 42, 64. 
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prepare ethyl-n-butylphenyl-p-tolylphosphonium iodide and the n- 
propyl iodide from p-tolylphenylethylphosphine and the alkyl iodide 
only yield non-crystallisable oils.+ 
Methylphenyl-p-tolylbenzylphosphonium bromide, (CH) 
(C,H;)(C,H,.CH;)(C,H;.CH,)PBr, is the condensation product of 
phenyl-p-tolylmethylphosphine and benzyl bromide.? The mixture 
requires cooling, and the deposited crystals are recrystallised from a 
mixture of acetone and ether, thin, colourless plates, M.pt. 211° to 
212° C., separating out. The bromide is readily soluble in acetone, 
insoluble in ether or benzene. 
di-Methylphenyl-p-tolylbenzylphosphonium d-a-bromocam- 
phor - 7 - sulphonate, (CH,)(C,H;)(C,H,.CH;)(C,H,;.CH,.)P.O.SO,. 
C,9H,,OBr.—The foregoing bromide is treated with the corresponding 
amount of the silver salt of the optically active acid in hot alcohol solu- 
tion, the liquid filtered and the filtrate evaporated. A gum is produced, 
which gradually crystallises when kept in a desiccator. Several re- 
crystallisations from boiling benzene give colourless needles, sintering at 
122° C. on rapid heating and melting at 129° to 181° C. Fractional 
crystallisation from ethyl acetate-acetone yields three fractions having 


the following specific rotations for mercury green light : 
[a] = +53-9°, +538-4° and +4+453-9° in 1 per cent. aqueous solution. 


The rotation constants of the salt in aqueous solution (0-2658 gram 
in 80 c.c. of water), examined in a 4 dm. tube at 15° C., are: 


Mereurygreen | Mercuryyejow | Sodiumygyoy, 
a + 1-91° + 1-625° + 1555 
[a] 539° 45-85° 43-740 
[M] 331 282 269 


The rotatory dispersions are as follows :— 


Hreen/ Nayettow = 1°232 and Hg yentow/Navyetow = 1-048 


Ammonium d-a-bromocamphor-z-sulphonate in an aqueous solution 
of equivalent concentration (0-1464 gram in 30 c.c. of water) in a 


4 dm. tube at 15° C., shows the following results :— 


1 Radcliffe and Brindley, loc. cit. 


Mercurygree, | Mercuryyeyow Sodiumy gyow 
a + 2-08° + 1-715° + 1-64° 
[a] 104-0° 87-9° 84-0° 
[| M| 341 288 276 


2 Pope and Gibson, loc. cit. 
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Rotatory dispersions : 


Hereen/ Nayenow = 1-238 and He vYetlow/ Nayetow = 1-046 


The respective fractions of the phosphonium salt, when treated in 
aqueous solution with potassium iodide, yield an optically inactive 
iodide ; hence the asymmetric phosphonium compound has not been 
resolved. 

The d-camphor- B-sulphonate is prepared in a similar manner to the 
preceding compound. It forms colourless needles, M.pt. 134° to 137° C., 
readily soluble in alcohol or acetone, sparingly soluble in ethyl acetate. 
The following constants are obtained after fractional crystallisation 
from ethyl acetate-alcohol mixture, using 0:3175 gram of the salt in 
30 c.c. of water in a 4 dm. tube at 15° C.: 


Hg Green Hg Yellow Nayelow 
a + 0-52° +0:42° + 0:39° 
[a] 123° 9-9° 9-2° 
[M] 66 58 49 


The rotatory dispersions are : 
HgGreen/ Navetiow = 1-333 and He venow/ Navetiow os | Ed) 


The following are the values for ammonium d-camphor- f-sulphonate : 


Hg Green Hg Yellow Na Yellow 
a + 0-53° + 0:43° + 0-40° 
[a] 26-6° 21-6° 20-1° 
[M] 66 5A 50 


The rotatory dispersions are : 
Hcreen/ Nayenow = 1-325 and He yetlow/ Navetiow = 1-075 


Resolution of the phosphonium salt has not been effected, since potassium 
iodide only yields iodides, from the various fractions, which are optically 
inactive. 

Methylphenyl-p-tolylbenzylphosphonium iodide, (CH,)(C,H;) 
(C,H,.CH;)(C,H;.CH,)PI, occurs when potassium iodide is added to 
any of the three foregoing salts in aqueous solution. It separates from 
alcohol in colourless, glistening plates, M.pt. 215° to 216-5° C., soluble 
in methyl alcohol, less soluble in hot ethyl alcohol and practically 
insoluble in ether, benzene or light petroleum. 

Methylphenyl - p - tolylbenzylphosphonium platinichloride, 
[(CH,)(C,H;)(C,H,.CH;)(CgH,;.CH,)P],PtCl,, is a yellow powder, 
M.pt. 214° to 215° C., formed when chloroplatinic acid is added to 
aqueous solutions of the foregoing salts. It is practically insoluble in 
the usual solvents. 
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Phosphonum Compounds containing Aryloxy-Groupings.} 

Triphenoxymethylphosphonium iodide, (C,H;O),P(CH,)I, 
occurs when triphenoxyphosphine and methyl iodide are allowed to 
interact. The product melts at 70° to 75° C., and is a deliquescent mass, 
changing to a brown oil in air, this becoming colourless on adding 
sodium hydroxide. The oil, when extracted with ether, dried and dis- 
tilled, comes over at 190° to 195° C. at 11 mm. as a eplourless liquid ; 
this, on prolonged standing in the cold, crystallises, the melting- 
point being 36° to 37° C. When saponified by alcoholic potassium 
hydroxide and poured into fuming nitric acid the iodide yields methyl- 
phosphinic acid and dinitrophenol. This points to the saponification 
compound being the phenol ester of methylphosphinic acid, formed as 
follows :— 


Us 
(C,H,O);P(CH,)I + H,O = (C,H,O).P CHO 


No 


Triphenoxyphosphine, when heated with ethyl iodide at 200° C., gives 
an oil which is insoluble in ether and with sodium hydroxide forms the 
phenol ester of ethylphosphinic acid. 

Triphenoxybenzylphosphonium chloride, (C,H,;O),P(C,H,)Cl, 
is obtained when the components are heated together at 175° C. A 
syrup results, which, after treating with sodium hydroxide and decom- 
posing as above, yields the phenol ester of benzylphosphinic acid, 
phenol and hydrogen chloride. The benzylphosphinic acid phenyl 
ester, C,H,.PO(OC,H;),, forms small, white crystals, M.pt. 60° C., 
readily soluble in alcohol, ether or benzene. 

Tri-p-tolyloxymethylphosphonium iodide, (CH ,.C,H,O), 
P(CH,)I.—Tritolyloxyphosphine is obtained as an oil, B.pt. 250° to 
255° C. at 10 mm.,? by the action of 1 molecular equivalent of phos- 
phorus trichloride on 3 equivalents of p-cresol, and the phosphonium 
iodide is obtained from it in the usual manner. The iodide is isolated 
only as a syrup, which is converted by alkali to p-cresol, hydrogen 
iodide and the p-cresyl ester of methylphosphinic acid, (CH3.C,H,O), 
PO.CH,, a liquid, B.pt. 220° to 225° C. at 12 mm. 

Tri-m -tolyloxymethylphosphonium iodide, (CH,.C,H,O), 
P(CH3;)I.—Phosphorus trichloride and m-cresol yield a phosphine, 
B.pt. 235° to 288° C. at 7 mm. or 240° to 248° C. at 10 mm.?_ The phos- 
phonium iodide is a colourless, crystalline, hygroscopic powder, which 
yields the m-cresyl ester of methylphosphinic acid, (CH3.C,H,O),PO.CHa, 
as a colourless liquid, B.pt. 200° to 205° C. at 7 mm. 

Tripseudocumenolmethylphosphonium iodide, [(CHg,)s. 
C,H,O|,P(CH3)I, is obtained from the pseudocumenol phosphine, 
which boils at 270° to 274° C. at 16 mm. In the usual way 
it forms the pseudocumenol ester of methylphosphinic acid, CH. 
PO[OC,H,(CH3)s3],, consisting of shining crystals from ether, M.pt. 79° 
to 90° C. 

Tri-p-chlorophenoxymethylphosphonium iodide, (CIC,H,O), 
P(CH3)I.—The trichlorophenoxyphosphine, from phosphorus trichloride 


1 Michaelis and Kaehne, Ber., 1898, 31, 1048. 
2 Compare Broeker, J. prakt. Chem., 1928, [ii], 118, 287. 
3 See Broeker, loc. cit. 
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and p-chlorophenol at 150° C., melts at 49° C. and boils at 290° to 
297° C. at 15 mm. The phosphonium iodide melts at 70° C. and may 
be transformed in the usual manner into the p-chlorophenol ester of 
methylphosphinic acid, CH,.PO(OC,H,Cl)., a liquid, B.pt. about 245° C. 
at 20 mm. 


N-Phosphonium Compounds.} 

Phenyldipiperidinemethylphosphonium iodide, CA: 
P(NC,H,9)..CH;.1.—This is produced by the interaction of pheny!l- 
dipiperidine-N-phosphine and methyl iodide. It crystallises in 
shining tablets, M.pt. 167° C., very stable, readily soluble in alcohol, 
sparingly soluble in water, insoluble in ether. The corresponding 
hydroxide is a syrup; the chloride forms short, white needles, 
M.pt. 130° C., readily soluble in water, and forms a platinichloride, 
[C,H;P(NC,H,,))..CH3],PtCl,, which crystallises from hot water in | 
yellowish-red tablets, M.pt. 178° C. The bromide crystallises in fine 
white needles. The hydroxide, when heated, splits off piperidine and 
yields phenylmethylphosphinic acid: 


C,H,.P(NC;H,,)>-CH,.0H + H,0 =C,H,.P(CH,)0.0H +2C;H,).NH 


Phenyldipiperidine-ethylphosphonium iodide, eis 
P(NC,H,,)..C,H;.1, is prepared in a similar manner to the preced- 
ing compound. It forms slender white needles, M.pt. 174° C., and is 
more soluble in water than the methyl compound. 

Phenyldipiperidinebenzylphosphonium chloride, C,H;. 
P(NC,H,9)>.C,;H,.Cl, obtained by heating together its components, 
forms yellowish-red plates, M.pt. 204° C. 

Tri - tetrahydroquinoline - methylphosphonium iodide, 
(C gH, )N),P.CH,.1. — Tetrahydroquinoline combines energetically with 
phosphorus trichloride to yield tri-tetrahydroquinoline-N- phosphine, 
(CoH, )N)3P, white, rhombic plates, M.pt. 202° to 204° C. This com- 
bines with methyl iodide to give the phosphonium iodide, which crystal- 
lises in small rhombic needles, M.pt. 188° C., fairly soluble in alcohol, 
sparingly soluble in water and insoluble in ether. Its aqueous solution 
with silver oxide yields an alkaline solution of the hydrowide, and this 
with hydrochloric acid is converted to the chloride. Evaporation gives 
a solid, M.pt. 148° to 150° C., fairly soluble in alcohol and water. The 
platinichloride, |(CgsH,,N),P.CH,|,PtCl,, forms small, glistening, red- 
dish-yellow crystals, melting with partial decomposition at 230° C. 

Phenyldi-tetrahydroquinoline-methylphosphonium iodide, 
C.H,;.P(NC H,)2.-CH3.I, prepared from phenyldi-tetrahydroquinoline- 
N-phosphine and methyl iodide, forms glistening silver voluminous 
needles, M.pt. 186° C. 

p - Tolyldipiperidine -methylphosphonium iodide, C,H,. 
P(NC;H,,).-CH3.1, obtained in the usual way, melts at 186° C. The 
ethyl derivative melts at 191° C., and the isobutyl and benzyl compounds 
at 204° and 125° C., respectively. . All these products crystallise well, 
most of them in needles. 

Tripiperidine-methylphosphonium hydroxide, (C;H,)N)3P. 
CH,.0H.2—This compound is obtained from the corresponding iodide ; 
it is crystalline, strongly alkaline and absorbs carbon dioxide. The 


1 Michaelis, Ber., 1898, 31, 1037. 
2 Michaelis and Luxembourg, Ber., 1895, 28, 2205. 


~ 


74 ORGANOMETALLIC COMPOUNDS. 


bromide and chloride are colourless and readily soluble. The latter 
forms a platinichloride, large red crystals, M.pt. 175° C. The zodide 
is obtained from the phosphine, (C;H,,N)3P, isolated as a crystalline 
compound, M.pt. 37° to 88° C., when phosphorus trichloride interacts 
with piperidine in ether at 0° C.; it forms thick, colourless, cubical 
crystals, M.pt. 251° to 255° C. The mother liquors from the iodide 
deposit a substance richer in iodine, which may have the constitution 
(C;H,)N)3;P.83CH3I. The corresponding ethylphosphonium iodide re- 
sembles the methyl compound and melts at 178° to 179° C.; the aso- 
butyl compound is a white crystalline substance, M.pt. 172° C.; the 
benzylphosphonium chloride forms a thick mass of hygroscopic crystals. 


ARYL PHosPpHORUS BETAINES AND KETOBETAINES. 


The formation of these derivatives is similar to that of the corre- 
sponding arsenibetaines. Triarylphosphines combine with mono- 
chloracetic acid to form derivatives of Type I: 


CH,.COOH CH, 
RPC : aos RPC Co 
I II 


These derivatives under the influence of sodium hydroxide or carbonate 
are transformed to the free betaines, Type II. Similar compounds 
may also be obtained by the oxidation by alkaline potassium per- 
manganate of aryltrialkylphosphonium chlorides (in which the aryl 
group contains a substituted methyl group). If the chloracetic acid 
in the foregoing condensation be replaced by an aliphatic or mixed 
ketone, a ketonic group is introduced as in I, and the derivatives are 
known as ketobetaines : 


CH,.CO.R’ CH R’ 
R PO : ee pd Nace 
ney Oca 
Cl O OH 
I II 


Alkali transforms I to II. All the compounds are solids and yield 
platinichlorides. 
Triphenylphosphorbetaine hydrochloride,* 


CH,.COOH 
(CoH) 
oH) sf Ve 


When triphenylphosphine and ethyl monochloracetate are heated 
together for a long time at 70° to 75° C., the ethyl ester of the foregoing 
hydrochloride results. This forms a crystalline powder, M.pt. 90° C., 
readily soluble in alcohol, chloroform, acetic acid or water. Its platina- 
chloride crystallises from alcohol in small plates. The betaine ester 
decomposes at 172° C., but prolonged heating at 90° to 100° C. produces 
methyltriphenylchlorophosphine : 


Cl ee 
(CoH) PC = (Cqls) gE +CO,+C,H, 
CH,.COOC,H, CH, 


1 Michaelis and Gimborn, Ber., 1894, 27, 272. 
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The hydrobromide (M.pt. 147° C.) and the hydriodide (M.pt. 165° to 
166° C.) are isolated when the hydrochloride is treated with potassium 
bromide or iodide respectively. 

Triphenylphosphorbetaine, 


CH 
wa aN 
(atts Net 0 yo 


The foregoing hydrochloride when treated with silver or barium 
hydroxide only yields triphenylphosphine dihydroxide, (C,H,),P(OH)., 
but if concentrated aqueous sodium hydroxide or carbonate be used, 
the free betaine is isolated. It separates from alcohol in tabular 
crystals, M.pt. 124° to 126° C., which readily dissolve in chloroform 
or acetic acid, and when heated with water give the dihydroxide. It 
forms a platinichloride, consisting of long, golden-yellow needles. The 
decompositions mentioned above: are indicated by the following 
equations :— 


| Cl 
2(CoHy) PC +Ag,0 +8H,0 =2(C,H,),P(OH), 
Bt OOE Hs +2AeCl +2CH,COOC,H, 
ce 


(CoH) PC ; DCO +2H,0 = (CoH)sP(OH), + CH,COOH 


Triphenylphosphorcholine hydrochloride, 


AI 
(CoHs)sPC 
CH,.CH,OH 


is obtained by the condensation of triphenylphosphine and ethylene 
chlorhydrin. It crystallises in glistening white needles, M.pt. 129° to 
130° C., readily soluble in water or alcohol, insoluble in ether. Its 
platinichloride crystallises from dilute alcohol in golden-yellow needles 
melting with decomposition at 222° to 224° C. Moist silver oxide 
transforms the hydrochloride to the free base, a viscous liquid which 
is strongly alkaline and absorbs carbon dioxide from the atmosphere. 
The hydrobromide forms yellowish-white crystals, M.pt. 114° C., and 
the hydriodide melts at 185° to 186° C. 

The condensation of triphenylphosphine and trimethylene bromide 
gives a product represented as follows :— 


Br 

(CoH) PC 
CH,.CH,.CH Br 

This crystallises in white needles, M.pt. 226° to 228° C., dissolving in 

water, but less readily in alcohol. It forms a platinichloride which is 


non-crystalline and readily decomposed. 
Trimethylphosphorbenzobetaine hydrochloride,‘ 


CH, COOH 

C,H sitn ty uals 

*“\p(CH,) C1 *“\p(CH,);C1 
I Il 


1 Michaelis and Czimatis, Ber., 1882, 15, 2018. 
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is formed when p-tolyltrimethylphosphonium chloride (I) is oxidised 
by alkaline potassium permanganate at 55° C. It has the constitution 
II and forms short, thick, brilliant, transparent prisms, soluble in 
water or hot alcohol. The crystals have no melting-point but decompose, 
giving an odour of phosphine. The platinichloride forms a light yellow 
precipitate. The free betaine, 


erystallises in rhombohedra and is efflorescent. It does not yield 
salts with bases, but does so with acids. The acetate forms fine, pearly 
needles ; the nitrate crystallises in needles; and dilute sulphuric acid 
gives an acid sulphate which separates in needles : 


COOH 
C.H 
SSBC 


| 
0.SO,.0H 


The hydrochloride decomposes as follows when heated with potassium 
hydroxide : 


C ,H,(COOH)P(CH,),Cl + KOH =C,H,COOH + (CH,),PO + KCl 


By the action of alkaline potassium permanganate on the addition 
product from ethylene bromide and dimethyl-p-tolylphosphine, a 
compound having the structure C,H,(COOH)P(CH;),0 is obtained. 
This forms colourless prisms, M.pt. 248° C., having an acid taste and 
subliming on heating. It is very stable on heating with potassium 
hydroxide. 

Tri-p-tolylphosphorbetaine hydrochloride,! 


Cl 
(Cras 
CH,.COOH 


is formed in the usual manner and isolated as the ethyl ester, a white 
crystalline powder, somewhat soluble in water, and yielding tri-p- 
tolylphosphorbetaine on treatment with sodium hydroxide or carbonate. 
The free betaine separates from ether in small white crystals, M.pt. 145° C. 
Dimethyl-p-tolylphosphorbetaine hydrochloride, 


ve 
CE eee 
CH,.COOH 


The ethyl ester of this derivative is a white, hygroscopic, crystalline 
powder, M.pt. 158° C., very soluble in alcohol. The platinichloride 
crystallises in fine, reddish-yellow needles, M.pt. 200° C. The hydro- 
chloride ester is converted by sodium carbonate to the free betaine, 
a stellate mass, M.pt. 206° C. : 


1 Michaelis and Gimborn, loc. cit. 
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2(CH,).(C,H,)P(C1)CH,.COOC,H, +Na,CO, +H,0 


A 
=2(CHs)o(CoH;)PC CO + 2NaCl +2C,H,OH + CO, 
O 


The free hydrochloride melts with decomposition at 172° C., and its 
platinichloride crystallises in flesh-coloured needles, M.pt. 220° C. The 
corresponding diethyltolylbetaine is hygroscopic ; its hydrochloride melts 
at 96° C., and the platinichloride at 157° C. 
a-Trimethylphosphortolubetaine hydrochloride,! 


S008 
CHs.CoH 
P(CH,),Cl 


7 grams of 1:3-xylyl-4-trimethylphosphonium chloride in 1000 c.c. of 
water are treated with a little potassium hydroxide and the calculated 
amount of potassium permanganate added, the mixture being main- 
tained at 55° C. for eight days. After filtering and evaporating to 
dryness, the residue is treated with alcohol, when woolly needles, 
insoluble in ether, are obtained. The platinichloride is orange-yellow 
and the aurichloride golden-yellow. The free betaine, 


CO 
CH,.C,H.C So 
\P(CH,) 


is a hygroscopic mass. It yields a picrate, consisting of golden-yellow, 
bushy, stellate needles, M.pt. 220° C. A. nitrate, M.pt. 226° C., a 
sulphate and an acetate are known. Oxidation of the hydrochloride 
yields a-trimethylphosphortolubetaine hydrochloride carboxylic acid, 
(COOH),C,H,.P(CH;),Cl. This product is readily soluble in water, 
yields a platinichloride, M.pt. 258° C., and a sparingly soluble auri- 
chloride. When the hydrochloride is treated with the requisite amount 
of silver oxide, a-trimethylphosphortolubetaine carboxylic acid is formed : 


(3) 
I CO 
< 
COOH.C,H, O 
NP (CH) 5” 
(4) 


This yields glistening crystals, M.pt. 160° C., air-stable and easily 
soluble in water. Its copper salt forms blue needles, and the silver and 
barium salts may be crystallised from water. When the f-form of 
trimethylxylylphosphonium iodide is similarly oxidised, a f-trimethyl- 
phosphortolubetaine carboxylic acid is isolated, 


3 
1) ~ Coes 
COOH.C,H, O 
PCH. ce 

(5) 


1 Conen, Ber., 1898, 31, 2919. 
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This separates from concentrated aqueous solution in fine, matted 

needles, M.pt. 115° C., forms a copper salt, consisting of blue needles, 

and a very hygroscopic hydrochloride. 
Tri-biphenylphosphorbetaine,! 


NS 
Deo 


is formed by the interaction of ethyl chloroacetate and tri-biphenyl- 
phosphine at 0° C. It separates from alcohol in brilliant diamond- 
shaped plates, M.pt. 109° to 110° C. with preliminary softening. On 
standing at room temperature it is converted into tri-biphenylphos- 
phine oxide. 

Triphenylmethylphosphorketobetaine hydrochloride or Tri- 
phenylacetonylphosphonium chloride,’ 


CH,.CO.CH, 
(C gH ) ae 


fis 
(CgH,.C,H,)3P 
0 


occurs when molecular proportions of triphenylphosphine and mono- 
chloracetone are heated together under reflux for forty-five minutes 
on the water-bath. It separates from alcohol as fine needles, melting 
with decomposition at 287° C., and sparingly soluble in hot benzene, 
insoluble in ether. The platinichloride is a flesh-coloured product 
melting with decomposition at 198° C. The free betaine, 


CH OH 
wa aN 
(CHHD PC > 


is isolated by the action of sodium hydroxide or carbonate on the 
hydrochloride. It separates as shining needles, M.pt. 201° C., is neutral 
to litmus, insoluble in water, but dissolves in alcohol, benzene or ether. 
Treatment with the requisite acids gives the hydrobromide, M.pt. 226° C., 
and the picrate, citron-yellow crystals, M.pt. 166° C. 
Tetraphenylphosphorketobetaine hydrobromide or Tri- 
phenylphenacylphosphonium bromide, 


CH,,.CO.C,H; 
(Cates 


Br 


results when triphenylphosphine is condensed with bromacetophenone. 
It forms colourless crystals, M.pt. 278° to 274° C., soluble in alcohol 
or a large bulk of hot water, insoluble in ether. The free betaine, 
obtained in the usual manner, forms colourless crystals, M.pt. 183° to 
184° C., soluble in alcohol or ether, insoluble in water. It. forms the 
following salts: hydrochloride, fine needles, M.pt. 254° to 255° C.; 
hydriodide, pale yellow needles, melting with decomposition at 256° to 
257° C.; nitrate, colourless needles, M.pt. 184° to 185° C., soluble in 
boiling water or boiling benzene. 


1 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 
2 Michaelis and Kohler, Ber., 1899, 32, 1566. 
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Triphenyl-p-tolylphosphorketobetaine hydrochloride, 


CH,.CO.C,H,CH, 
(CoH )PC 


is prepared by the interaction of triphenylphosphine and _ chloro-p- 
tolylmethyl ketone. It crystallises in colourless needles, M.pt. 231° C., 
and is more soluble in water than the preceding tetraphenyl-compound. 
The free betaine forms silky needles, M.pt. 181° C., the platinichloride, 
yellowish-red needles, decomposing at 211° C., the hydrobromide melts 
at 261° C., the hydriodide melts at 265° C., and the nitrate gives slender, 
transparent needles, M.pt. 183° to 184° C. 
Tri-p-tolylmethylphosphorketobetaine hydrochloride, 


CH,.CO.CH, 
ee te 


This compound is not so readily formed as the phenyl derivative and 
the reaction is only carried to completion when the components are 
heated together for five hours in a sealed tube at 80° C. The product 
crystallises in bushy needles, melting with decomposition at 245° C., 
is readily soluble in water or alcohol, sparingly soluble in benzene and 
insoluble in ether. The platinichloride melts at 220° C., and the auri- 
chloride at 164° C. The free betaine separates from alcohol in needles, 
M.pt. 117° C., insoluble in water but dissolving in the usual organic 
solvents. It yields a hydrobromide melting with decomposition at 
210° C., and a hydriodide consisting of fine needles, M.pt. 189° C. 
Phenyltri-p-tolylphosphorketobetaine hydrochloride or Tri- 
p-tolylphenacylphosphonium chloride, 


fH, CO.C Hs 
(C,H,)3P 
Na 


requires eight hours’ heating in a sealed tube at 88° C. of molecular 
quantities of tri-p-tolylphosphine and monochloracetophenone to 
complete its preparation. It melts at 236° C., yields a platinichloride, 
M.pt. 240° C., and an aurichloride, M.pt. 156° C. The free betaine 
crystallises in bushy needles, M.pt. 177° C., its hydrobromide and 
hydriodide melting at 248° C. and 236° C. respectively. 
Tolyimethyldiethylphosphorketobetaine hydrochloride, 


CH,.CO.CH, 
(C7H;)(CaHs) PC 
Cl 


yields a platinichloride consisting of reddish-yellow crystals, M.pt. 
178° C., and a picrate forming citron-yellow needles, M.pt. 127° C., 
whilst the free betaine is a very hygroscopic solid, M.pt. 75° C. 


COMPOUNDS OF THE TyPE RPX,. 


The first member of this series, namely phenyldichlorophosphine, 
may be isolated by passing the vapours from a mixture of benzene and 
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phosphorus trichloride through a red-hot porcelain tube, a slow stream 
of carbon dioxide being circulated through the apparatus. This 
method does not seem to have been applied to any other compound 
of this class. A more general method consists of heating together 
mercury diaryls and phosphorus trihalides :— 


R,Hg + PX, =RPX, +RHgX 


Although this equation is given in the literature, it is very probable 
that the reaction takes place in stages as follows :— 


R,Heg +2PX, =2RPX, +Hex, 
R,He + RPX, =R,PX +RHeX 


A higher temperature appears to facilitate the second reaction. The 
yields of primary product by this reaction are very poor in some cases, 
and the same starting materials may be used for the type R,PX. The 
Friedel-Crafts reaction has also been used for these preparations : 


C,H,.CH, + PCl, + [AICl,] =CH,.C,H,.PCl, + HCl +[AICl,| 


The resulting product is contaminated with secondary products. 

All the aryldichlorophosphines are liquids which combine with the 
halogens forming tetrahalides, these being crystalline products decom- 
posed by moisture into oxychlorides, RPOCI,, and finally acids, 
R.PO(OH),. The tetrachlorides are produced also by the action of 
chlorinating agents, such as iodine monochloride, titanium tetra- 
chloride or antimony pentachloride, on aryldichlorophosphines. The 
latter combine with oxygen to form oxychlorides, but these are best 
obtained by the action of sulphur dioxide or acetic acid on the tetra- 
halides. Similarly sulphur and aryldichlorophosphines give sulpho- 
chlorides, RPSCI,, a quantitative yield occurring if the ice-cold phos- 
phine be treated with sulphur chloride. Hydrogen sulphide reacts only 
to form the normal sulphide, RPS. The chlorine may be removed 
from phenyldichlorophosphine by silver cyanide or thiocyanate, a 
dicyanide or a dithiocyanate resulting. Condensation takes place 
between aryldichlorophosphines and aryl hydrazines, piperidine and 
tetrahydroquinoline, whilst the oxychlorides (RPOCI,) combine with 
aniline, hydrazines and ammonia. The products are dealt with on 
pp. 86-89. 

Phenyldichlorophosphine or Phosphenyl chloride, C,H,;.PCl,, 
may be prepared in several ways: (1) A mixture of benzene and phos- 
phorus trichloride is distilled and the vapours passed through a red-hot 
porcelain tube.’ The yield is greatly increased if a slow stream of 
carbon dioxide is passed through the apparatus during the distillation, 
a litre of the mixture giving 140 grams of pure product per nine hours.? 
A variation of this method consists in passing phosphorus trichloride 
and benzene vapours over a quartz tube sealed in a glass vessel and 
heated internally by a nichrome winding.* (2) By passing carbonyl 
chloride into phenylphosphine.* (38) When mercury diphenyl and pure 


1 Michaelis, Annalen, 1876, 181, 265; Ber., 1873, 6, 601, 876; Kohler, Ber., 1880, 13, 
1623; Arbusoff, J. Russ. Phys. Chem. Soc., 1910, 42, 395. 

2 Pope and Gibson, J. Chem. Soc., 1912, 1o1, 735. 

3 Bowles and James, J. Amer. Chem. Soc., 1929, 51, 1406. 

4 Michaelis and Dittler, Ber., 1879, 12, 338. 


AROMATIC PHOSPHINES AND PHOSPHONIUM COMPOUNDS. 81 


phosphorus trichloride are heated together in a sealed tube for several 
hours at 180° C., the following reaction takes place :— 


(C,H;),-Hg + PCl, =C,H,.PCl, + C,H,.HgCl 


The yields obtained by this method are not good, 30 grams of mercury 
diphenyl giving only about 5 grams of pure product.+ 

The phosphine is a colourless, strongly refractive liquid, fuming in 
air and possessing a pungent odour resembling that of phenylphos- 
phine. It boils at 222° C., becoming slightly brown unless distilled 
in an inert atmosphere ; its density is 1-319 at 20° C., and from measure- 
ments of the refractive index, the atomic refraction of phosphorus in 
the compound is 17-47.2, The phosphine is soluble in benzene, chloro- 
form or carbon disulphide, but is decomposed by water, yielding the 
phosphinous acid. Phosphorus readily dissolves in phenyldichloro- 
phosphine and is difficult to remove by distillation; in sunlight 
amorphous phosphorus soon separates from the solution in flocks. The 
phosphine combines with the halogens, oxygen and sulphur to yield 
tetrahalides, the oxychloride and a sulphochloride, respectively,? and 
silver cyanide and thiocyanate form a dicyanide and a dithiocyanate, 
respectively.4 When the phosphine is cooled in ice and treated with 
sulphur chloride, a quantitative yield of the sulphochloride, C,H;. 
PSCl,, results,® but hydrogen sulphide, if passed into the hot dichloro- 
phosphine, gives the normal sulphide, C,H;.PS.® If phosphine (PH3) 
be passed for several days through phenyldichlorophosphine, diphospho- 
benzol, C,H;.P =POH, is formed;7 replacement of the phosphine by 
phenylphosphine and slow addition of the dichlorophosphine yields 
phosphobenzene, C,H;.P =P.C,H,, if the reaction be carried out in an 
atmosphere of hydrogen. Warm alcohol converts the dichlorophos- 
phine to phenylphosphinous acid,® and heating with mercury diphenyl 
in a sealed tube at 220° to 230° C. gives phenylmercuric chloride and 
diphenylchlorophosphine ; ® the latter compound also results when the 
dichlorophosphine is heated alone for a prolonged period in a sealed 
tube at 280° C.19 A solution of phospheny] chloride (1 mol.) and phenyl 
hydrazine (8 mols.) in five volumes of cooled ether reacts to give 
phospheny! phenylhydrazone, C,H,.NH.N = P.C,H, ; 11 piperidine under 
similar conditions yields phenyldipiperidine - N - phosphine, C,H,. 
P(NC,H,,)2,12 whilst zine diethyl reacts in the usual manner giving 
diethylphenylphosphine. *? 

Iodine monochloride, titanium chloride and antimony pentachloride 
react with phospheny] chloride according to the following equations: 4 


GH PCL. 21Cl CH PCl, + 1 
C.HePCl. -etiCL, =C,H,. Pcl, + Ti,Cl, 
C,H,.PCl, + 2SbCl, = C,H;.PCl,.SbCl, + SbCl, 


Michaelis, loc. cit. 2 Zecchini, Gazzetta, 1894, 24, i, 34. 
Michaelis, loc. cit.; Kohler and Michaelis, Ber., 1876, 9, 1053. 
Michaelis, Annalen, 1896, 293, 212. 5 Kohler, Ber., 1880, 13, 463. 


Kohler and Michaelis, Ber., 1877, 10, 815. - 

Michaelis, Ber., 1875, 8, 499; Kohler and Michaelis, loc. cit. 

Kohler and Michaelis, loc. cit. 

Michaelis and Link, Annalen, 1881, 207, 193; Michaelis, Ber., 1877, 10, 627. 

10 Broglie, Ber., 1877, 10, 628. 

11 Michaelis and Oster, Annalen, 1892, 270, 1238. 

12 Michaelis, Ber., 1898, 31, 1037. 13 Michaelis and Ananoff, Ber., 1874, 7, 1688. 
14 Kohler, Ber., 1880, 13, 1626. 
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The tetrachloride, prepared according to the preceding equations, is a 
crystalline compound, M.pt. 73° C., at which temperature it partly 
sublimes ; it partially decomposes if the temperature is raised.+ It is 
decomposed by water, one molecule of the latter giving the oxychloride, 
C,H;.POCI,, but three molecules producing phenylphosphinic acid, 
C,H;.PO(OH),. The tetrachloride on heating at 180° C. in a sealed 
tube decomposes into chlorobenzene and phosphorus chloride. If 
sulphur dioxide or acetic acid reacts with the tetrachloride the oxy- 
chloride results.2, This oxychloride * also occurs when oxygen combines 
with phosphenyl chloride, but the operation is dangerous, especially 
if the chloride is pure. The best method of preparation is the one 
using sulphur dioxide, as already mentioned. The oxychloride is a 
viscous liquid, B.pt. 258° C., having a faint odour, density 1-375 at 
20° C. It decomposes with water according to the equation 


C,H,.POCI, + 2H,0 =C,H,.PO(OH), + 2HCl 


Anilides may be formed by treating the oxychloride with amines, and 
twelve parts of oxychloride when heated under reflux with seven parts 
of phenylphosphinic acid until evolution of hydrogen chloride ceases, 
vield an owide, C,H;.PO,.4 It is interesting to note that the difference 
between the boiling-points of phenyldichlorophosphine and the oxy- 
chloride is 86° C., whilst that between phosphorus trichloride and 
phosphorus oxychloride is 32° C.°® 

When one molecular proportion of bromine and a similar proportion 
of phenyldichlorophosphine are allowed to react, a dibromide is pro- 
duced, C,H,;.PCl,Br,. This product sublimes at 130° C., forming 
rosettes of yellowish-red, monoclinic crystals, M.pt. 208° C. Sulphur 
dioxide converts it into oxychloride, and when heated alone in a sealed 
tube at 150° C. it decomposes as follows :— 


2C,H;.PC1,Br, =C,H;.PCl, + PBrCl, +C,H,Br, + HBr 
3PBrCl, =2PCl, + PBr, 


A compound, C,H;.PCl,.Br,, has also been described ® as a red mass 
decomposed by water into phenylphosphinous acid, hydrogen chloride, 
hydrogen bromide and free bromine. 

_Phenyldibromophosphine or Phosphenyl bromide, C,H;.PBr,, 
may be obtained by passing dry hydrogen bromide into phospheny] 
chloride, and in poor yield by the interaction of phosphorus tribromide 
and mercury diphenyl.’ It is a colourless liquid, becoming yellow in 
sunlight and a red product separating out. Addition of bromine in 
ether solution gives the tetrabromide, consisting of stellate groups of 
yellowish-red needles, M.pt. 207° C., fuming in air and decomposing 
with a hissing sound in contact with water. A hexabromide, dark red 
needles subliming at 110° C., has also been described. 

Phenyldicyanophosphine, C,H;.P(CN),.—When phenyldichloro- 
phosphine reacts with silver cyanide the dicyanide is obtained as a 
viscous, colourless oil, B.pt. 144° to 145° C. at 20 mm., very stable 
Michaelis, Annalen, 1876, 181, 294; Ber., 1873, 6, 816. 

Michaelis and Kammerer, Ber., 1875, 8, 1306. 
Michaelis, Annalen, 1876, 181, 302; Ber., 1873, 6, 816. 
Michaelis and Rothe, Ber., 1892, 25, 1747. 

Michaelis, Ber., 1873, 6, 816. 


Michaelis, Annalen, 1876, 181, 294. 
Michaelis and Kohler, Ber., 1876, 9, 519, 
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towards water. It is readily decomposed by dilute alkali to the metal 
cyanide and phosphinic acid. 

Phenyldithiocyanophosphine, C,H,;.P(SCN),, is a viscous yellow 
oil, B.pt. 205° to 207° C. at 20 mm. It is sparingly soluble in cold 
water and is energetically decomposed when the solution is heated. A 
violent reaction takes place with chlorine with formation of the tetra- 
chloride, C,H;.PCl,, sulphur and cyanogen chloride.? 

Phenylphosphorus sulphide, C,H;.PS,* occurs when hydrogen 
sulphide is passed into phenyldichlorophosphine or when the hydro- 
sulphide, C,H;.PSH, (a pale yellow liquid obtained from phenyl- 
phosphine and sulphur), is heated for a prolonged period. It has a 
vile odour and is an oily product yielding diphenylphosphinic acid when 
oxidised by nitric acid. In the first method of preparation a second 
sulphide, (C,H;),P.53, is formed. This is a white crystalline solid, 
M.pt. 190° to 198° C., unaffected by water but yielding diphenyl- 
phosphinic acid when treated with nitric acid. 

Phenyldichlorosuiphophosphine, C,H;PSCl,.—Phenyldichloro- 
phosphine dissolves sulphur forming the sulphochloride, but the latter 
is obtained in quantitative yield by the interaction of phenyldichloro- 
phosphine and sulphur chloride.* It fumes feebly in air, and prolonged 
boiling with water gives phenylphosphinic acid, hydrogen chloride 
and hydrogen sulphide. The reaction with potassium hydroxide is 
violent, and if the solution be evaporated to dryness and the residue 
taken up in alcohol, needles separate; these have the composition, 
C,H;.PS(OK),, and when the alcohol solution is diluted with water, 
the free acid, C,H;.PS(OH)., is obtained. A very dilute alcohol solution 
of lead acetate gives lead sulphide when boiled with a similar solution 
of the sulphochloride. The sulphochloride is soluble in alcohol, water 
precipitating an oil, C,H;.PS(OC,H;),, and phenol giving C,H;. 
PS(OC,H;)>. 

p-Chlorophenyldichlorophosphine, ClIC,H,.PCl,.°—From a 
mixture containing 150 grams of chlorobenzene, 200 grams of phos- 
phorus trichloride and 30 parts of anhydrous aluminium chloride, 
a 25 per cent. yield of the phosphine, calculated on the weight of 
chlorobenzene used, is obtained. It boils at 253° to 255° C., has 
density 1-425 at 17° C., and fumes slightly in air. The position of the 
chlorine atoms is determined by heating the product in a sealed tube 
for two hours at 150° C. with bromine, when the phosphorus is replaced 
by bromine. The corresponding tetrachloride is a crystalline, de- 
liquescent compound, and the chlorobromide a fuming solid, M.pt. 
216° C. The oaychloride, prepared from the tetrachloride by the 
action of sulphur dioxide, is a faintly yellow liquid, B.pt. 284° to 
285° C., density 1-4892 at 20° C. 

p-Bromophenyldichlorophosphine, BrC,H,.PCl,, is a viscous, 
refractive liquid, B.pt. 271° to 272° C., density 1-6895 at 15° C.°® 
Heated with bromine and water in a sealed tube it gives p-dibromo- 
benzene. The tetrachloride is a yellow mass, M.pt. 55° C., and the 
oxychloride a liquid, B.pt. 290° to 291° C. 


1 Michaelis, loc. cit. 2 Michaelis, Annalen, 1896, 293, 213. 
3 Michaelis and Kohler, loc. cit. 

4 Kohler and Michaelis, Ber., 1876, 9, 1053; Kohler, Ber., 1880, 13, 463. 

5 Michaelis, Annalen, 1896, 293, 223; Maecker, Inaug. Dissert. Rostock, 1893. 

6 Michaelis, loc. cit.; Gundermann, Inaug. Dissert. Rostock, 1894. 
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o-Tolyldichlorophosphine, CH,.C,H,.PCl,, occurs when mercury 
di-o-tolyl is heated with ten to fifteen times its weight of phosphorus 
trichloride in a sealed tube at 180° to 190° C. for forty-eight hours. 
The yield is 78 per cent.! It is a colourless, highly refractive liquid, 
B.pt. 244° C., density 1:3067 at 18:5° C. The tetrachloride forms a 
yellowish-white, crystalline mass, M.pt. 63° to 66° C., and the oay- 
chloride is a colourless liquid, B.pt. 273° C., density 1:3877 at 18-5° C. 

o-Chlorotolyldichlorophosphine, (CH,)CIC,H,.PCl,, is a trans- 
parent, highly refractive liquid, B.pt. 265° to 266° C., density 1-373 
at 22° C. The corresponding tetrachloride crystallises from benzene 
as pale yellow needles, and with sulphur dioxide yields the oxychloride, 
M.pt. 86° C., B.pt. 290° to 291° C4 

m-Tolyldichlorophosphine, CH,.C,H,.PCl,, obtained from mer- 
eury di-m-tolyl and phosphorus trichloride, boils at 235° C. and has 
a density of 1-282 at 22° C. The tetrachloride is a viscous yellow 
oil, solidifying at about 0° C., and the owychloride is a transparent 
liquid, B.pt. 275° C., density 1-3533 at 18° C.3 

p-Tolyldichlorophosphine, CH,.C,H,.PCl,, may be obtained 
from mercury di-p-tolyl and phosphorus trichloride or directly from 
toluene by the action of phosphorus trichloride in the presence of 
aluminium chloride.* It crystallises in needles or leaflets, M.pt. 25° C., 
B.pt. 245° C. The tetrachloride forms small columns from benzene, 
M.pt. 42° C., deliquescing in the air and forming the oxychloride. The 
latter is also isolated by treating the tetrachloride with sulphur dioxide ; 
it forms a viscous oil, B.pt. 284° to 285° C., water converting it into 
the phosphinic acid. More recent work on the tetrachloride ® gives 
the melting-point as 69° to 91° C., and shows that when heated at 
98° C. in a current of dry air it evolves hydrogen chloride, whilst 
chlorination of the methyl group occurs. The chlorobromide, C,H,. 
PC1,Br,, melts at 128° to 180° C. in a sealed tube with elimination of 
bromine. Reduction of the dibromide with sulphur dioxide gives the 
substance CH;.C,H,.POCIBr(?), M.pt. 5° to 8° C. 

p-Tolyldibromophosphine gives a tetrabromide, C,H,.PBr,, M.pt. 
160° to 161° C. with elimination of bromine; hydrogen bromide is 
evolved when the compound is kept at 160° C. 

Cymyldichlorophosphine, (C,H,)CH ;.C,H;.PCl,,® soccurs when 
15 grams of cymene, 20 grams of phosphorus trichloride and 3 grams 
of aluminium chloride are heated together for twenty hours. The 
yield is about 2 grams. The product is a transparent, highly refractive 
liquid, B.pt. 275° to 278° C., possessing a characteristic odour. It 
readily reacts with chlorine and bromine, the tetrachloride being a 
viscous, non-crystallisable liquid. 

p-Anisyldichlorophosphine, CH,0.C,H,.PCl,, is a colourless, 
strongly refractive liquid, B.pt. 150° C. at 18 mm. or 245° to 258° C. 


* Michaelis and Paneck, Annalen, 1882, 212, 213; Michaelis, Annalen, 1896, 293, 292; 
Schmidt, Inaug. Dissert. Rostock, 1895. 

2 Melchiker, Ber., 1898, 31, 2915; Chem. Zentr., 1899, i, 129. 

* Michaelis, Annalen, 1896, 293, 302; Berghegger, Inaug. Dissert. Rostock, 1894. 

4 Michaelis and Lange, Ber., 1875, 8, 1313; Michaelis, Ber., 1879, 12, 1009; Michaelis 
and Paneck, Ber., 1880, 13, 653; Annalen, 1882, 12, 206; Michaelis, Annalen, 1896, 293, - 
261; Wedekind, Ber., 1912, 45, 2933; Radcliffe and Brindley, Chemistry and Industry, 
1923, 42, 64. 

> Lindner, Monatsh., 1923, 53 and 54, 263. 

§ Michaelis, Annalen, 1897, 294, 54. 
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at 760 mm., density 1-331 at 25° C.1_ The tetrachloride * yields colour- 
less, stellate groups of needles, M.pt. 35° to 40° C., deliquescent in air, 
forming the oxychloride, a yellowish liquid boiling above 360° C. with 
partial decomposition, but boiling unchanged at about 173° C. at 12 
to 15 mm.? 

p-Phenetyldichlorophosphine, C,H,;O.C,H,.PCl,, forms a 
colourless, unpleasant, fuming liquid, boiling at 266° C. with slight 
decomposition. 

p-Ethylphenyldichlorophosphine, C,H;.C,H,.PCl,, boils at 250° 
to 252° C., and has a density of 1-227 at 17° C. ‘The tetrachloride forms 
white crystals, M.pt. 51° C., and the oxychloride is a colourless liquid, 
B.pt. 294° C., density 1:29 at 16° C.4 

o-Xylyldichlorophosphine,(CH,),C,H;.PCl,, boils at 278° C., and 
the corresponding oxychloride melts at 145° C.° 

m-Xylyldichlorophosphine, (CH,;),.C,H;.PCl, is a _ faintly 
fuming, strongly refractive liquid, the boiling-point being given as 
256° to 258° C. when prepared from mercury di-m-xylyl, and 265° C. 
when prepared from m-xylene. Its density is 1:24 at 18° C.® 

p-Xylyldichlorophosphine, (CH,),C,H;.PCl,, boils at 253° to 
254° C. and crystallises at —30° C. to colourless needles, density 1-25 
at 18° C. The tetrachloride is a pale yellow crystalline mass, M.pt. 
60° C., and the owychloride a viscous liquid, B.pt. 280° to 281° C., 
density 1-31 at 18° C.’ 

Pseudocumyldichlorophosphine, (CH,),C,H,.PCl,, is isolated as 
a colourless liquid, B.pt. 280° C., density 1-2356 at 20° C.; the tetra- 
chloride is a pale green crystalline mass, M.pt. 75° C.; the oaychloride 
melts at 63° C. and boils at 307° to 308° C.8 

Mesityldichlorophosphine, (CH,),C,H,.PCl,, crystallises in trans- 
parent plates, M.pt. 35° to 37° C., B.pt. 273° to 275° C., density 1-205 
at 15° C.; the tetrachloride is a yellowish crystalline mass, M.pt. 70° C., 
and the oxychloride forms large transparent tablets, M.pt. 92° to 93° C., 
B.pt. above 360° C.9 

Cumyldichlorophosphine, (CH;),CH.C,H,.PCl,, is a colourless 
liquid, B.pt. 268° to 270° C., density 1-190 at 12° C. The tetrachloride 
forms a white crystalline mass, M.pt. 53° to 55° C., and the oxychloride 
boils at 183° C. at 85 mm. or 295° to 300° C. at 760 mm. with de- 
composition. 1° 

Diphenylmethanedichlorophosphine, C,H,;.CH,.C,H,.PCl,.— 
This compound is prepared by the interaction of 40 grams of diphenyl- 
methane, 65 grams of phosphorus trichloride and 5 grams of aluminium 
chloride, the yield being 10 to 15 per cent. on the weight of hydro- 
earbon used. It is a colourless, viscous liquid, B.pt. 221° C. at 20 mm., 
density 1-182 at 17° C., yielding a yellow, crystalline tetrachloride, 


1 Jackson, Davies and Jones, J. Chem. Soc., 1930, p. 2298. 

2 Michaelis, loc. cit. 

3 Michaelis, Annalen, 1896, 293, 248. 

4 Michaelis, Annalen, 1896, 293, 315; Lewschinski, Inaug. Dissert. Rostock, 1893. 

5 Michaelis and Paneck, Annalen, 1882, 212, 237; Michaelis, loc. cit.; Weller, Inaug. 
Dissert. Rostock, 1888. 

6 Weller, Ber., 1887, 20, 1718. 

7 Weller, Ber., 1888, 21, 1492. 

8 Michaelis, Annalen, 1897, 294, 2; Rothe, Inaug. Dissert. Rostock, 1892. 

8 Michaelis, loc. cit.; Hecker, Inaug. Dissert. Rostock, 1893. 

10 Michaelis, loc. cit.; Meyer, Inaug. Dissert. Rostock, 1893; Uster, Inaug. Dissert. 
Rostock, 1896. 
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M.pt. 80° C., and an oxychloride, B.pt. 261° C. at 20 mm., density 
120774 

Dibenzyldichlorophosphine, C,H;.CH,.CH,.C,H,.PCl,, is a pale 
yellow liquid, B.pt. 250° C. at 60 mm., crystallising on cooling to 2° C. 
The tetrachloride melts at 65° C., and the oxychloride at 75° C. 

Diphenyldichlorophosphine, C,H,;.C,H,.PCl,, is a viscous liquid 
which slowly crystallises at 0° C. and melts at 5° C. Its density is 
1-3098 at 14° C. 

a-Naphthyldichlorophosphine,? C,,H,.PCl,, is obtained from 
mercury di-a-naphthyl : 


2PCl, + (C,9H,) Hg =HeCl, +2C,,H,.PCl, 
2C,,H,-PCl, +(CioH;),He = Hel, + 2(C, Hy ePel 


It should be noted that arsenic and antimony trichlorides behave in 
a similar manner. A more recent method of preparation uses the 
Friedel-Crafts reaction, when naphthalene and phosphorus trichloride 
give a 15 per cent. yield of a-naphthyldichlorophosphine.* Chlorina- 
tion yields a tetrachloride, and bromine forms a dibromide melting at 
114° to 116° C. Hydrolysis of the tetrachloride gives a-naphthyl- 
phosphinic acid. 


Condensation Products obtained from Compounds of the Types 
RPCl,, RPC], and RPOCI,. 


Phenylphosphenphenylhydrazone, C,H;.P : N.NH.C,H;.4— 
Phenyldichlorophosphine (1 mol.) and phenylhydrazine (3 mols.) are 
allowed to react in five volumes of cooled ether, the reaction being 
complete when a test portion of the filtered liquid is free from chlorine, 
this stage being reached in about thirty minutes. The product is 
filtered, the residue washed with ether and the filtrate allowed to stand 
for several hours, when fine needles separate. The reaction is as 
follows :— 


C,H,.PCl, +3C,H;.NH.NH, =C,H;.P: N.NH.C,H; + 2C,H;.NH.NH,.HCI 


The product crystallises from ethyl acetate as small, hard plates, 
M.pt. 152° C., easily soluble in chloroform, less soluble in alcohol or 
ether. It reduces Fehling’s solution on heating, is stable towards 
alkali, but with acids yields phenylhydrazine and phenylphosphinous 
acid ; when boiled for a long period with water a complex of the two 
latter compounds separates. 

When the starting materials in the foregoing preparation are brought 
together in ether and the phenylhydrazine hydrochloride filtered off, 
the addition of water to the dry mass gives a white powder. This 
may be crystallised from chloroform, and is the dihydrazide, 
CH P(NH. NEC Te) 

Phenylphosphentolylhydrazone, C,H,;.P: N.NH.C,H,.CH,, is 
formed when tolylhydrazine is used in the foregoing preparation. It 
forms small, colourless prisms, M.pt. 162° C., and it is split into its 
components when boiled with water. 


1 Michaelis, Annalen, 1901, 315, 43; Giisewell, Inaug. Dissert. Rostock, 1895. 
2 Kelbe, Ber., 1878, 11, 1499. 

3 Lindner and Strecker, Monatsh., 1929, 53 and 54, 274. 

4 Michaelis and Oster, Annalen, 1892, 270, 129. 
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Phenylphosphenbenzylhydrazone, C,H,;.P : N.NH.CH,.C,H,, 
erystallises in colourless needles, M.pt. 141° C., and resembles the 
preceding compounds in its properties. 

Chlorophenylphosphenphenylhydrazone, CIC, ,H,.P : N.NH. 
C,H;, yields white, silky plates, melting with decomposition at 161° C.? 

Mesitylphosphenphenylhydrazone, C,H,,.P : N.NH.C,H,, forms 
small, silky needles, M.pt. 135° C. 

Phenyldipiperidine-N-phosphine,? C,H;.P(NC;H,,),, occurs 
when phenyldichlorophosphine reacts with piperidine in ether solution, 
the operation being completed by warming the mixture for two hours 
on the water-bath. The product separates as white plates, M.pt. 
78° C., having a faint odour of piperidine. It readily dissolves in 
ether, benzene or alcohol, but is insoluble in water. It combines with 
carbon disulphide forming two compounds, (a) CgH;.P(NC;Hj9)9.2CS.9, 
a yellowish-white powder, M.pt. 144° C., and (b) C,H;.P(NC;Hy9)>.CS», 
yellow needles, M.pt. 187° C.; the latter may be extracted from the 
former by repeated crystallisation from benzene and ether. When 
the phosphine is treated with dry chlorine gas in ether solution, a 
dichloride is produced, which is deliquescent in air and is decomposed 
by water with the formation of an owide, C,H;.PO(NC;H,,).. The 
latter is best obtained, however, by treating the oxychloride (C,H. 
POCI,) with piperidine (4 mols.) in ether solution; it is a white, 
crystalline, hygroscopic mass, M.pt. 68° C., soluble in alcohol or ether, 
insoluble in water or dilute hydrochloric acid, but decomposed by 
concentrated hydrochloric acid. 

Phenylditetrahydroquinoline-N-phosphine, C,H;.P(NC,H10)2, 
obtained from phenyldichlorophosphine and_ tetrahydroquinoline, 
forms warty crystals, M.pt. 150° C., readily soluble in benzene, sparingly 
soluble in ether or alcohol. It is stable towards water, but decomposed 
by dilute acid. The owide, C,H;.PO(NC,H,9)., crystallises as short, 
white needles, M.pt. 216° C., and is very stable. 

Phenylphosphinic diamide, C,H;.PO(NH,),.3—This compound 
is produced when the oxychloride (C,H;.POCI,) is treated with con- 
centrated ammonium hydroxide. It separates from alcohol as white, 
glistening scales, M.pt. 189° C., and when boiled with water yields the 
ammonium salt of phenylphosphinic acid. 

Phenylphosphinic dianilide, C,H,.PO(NH.C,H;),, results when 
the ammonium hydroxide in the preceding preparation is replaced by 
aniline. It forms white needles, M.pt. 211° C. 

Phenylphosphinic anilide, C,H,.PO(NH.C,H,)OH, occurs when 
aniline hydrochloride is used in the foregoing preparation. It is a white, 
crystalline powder, M.pt. 125° C., and its chloride is formed as a by- 
product in the reaction. The phenyl ester, C,H;.PO(NH.C,H;)OC,H;, 
is obtained by the action of pure phenol on a mixture of the chloride 
and the anilide; it forms small, yellowish-white crystals, M.pt. 83° C., 
B.pt. 235° C. at 25 mm., from which aniline is eliminated on boiling 
with concentrated alkali. ; 

Phenylphosphinic phenylhydrazide, C,H,.PO(NH.NH.C,H;)., 
is isolated when four molecular equivalents of phenylhydrazine react 
with one molecular equivalent of the oxychloride (CgH;.POCI,). It 

1 Michaelis, Annalen, 1896, 293, 236. 


2 Michaelis, Ber., 1898, 31, 1037. 
8 Michaelis, Annalen, 1896, 293, 213. 
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crystallises in white, silky needles, M.pt. 175° C., stable towards alkali 
but decomposed by acids. 
p-Tolylphosphinic diamide, CH,.C,H,.PO(NH,)., crystallises 
as white, glistening plates, M.pt. 176° C. The dranilide forms small, 
pearly needles, M.pt. 209° C. The latter, when treated with bromine, 
yields mono- and dibromo-anilines and p-tolylphosphinic acid, and 
with alkaline potassium permanganate p-carboxyphenylphosphinic acid 
is formed. 
p-Tolylphosphinic anilide, CH,.C,H,.PO(NH.C,H;)OH, is ob- 
tained in a similar manner to the corresponding phenyl compound. It 
melts at 150° C., and shows decomposition when crystallised from alcohol 
or acetic acid. The copper salt is a light blue powder, and the phenyl 
ester a viscous, highly refractive oil, B.pt. 283° C. at 48 mm., solidifying 
after long standing to a crystalline mass, M.pt. 59° C. 
p-Tolylphosphinic di-p-toluidide, CH,.C,H,.PO(NH.C,H,. 
CH,),, forms snow-white glistening needles, M.pt. 237° C.; the corre- 
sponding acid, CH ;.C,H,.PO(NH.C,H,.CH,;)OH, is a white powder, 
M.pt. 208° C., the phenyl ester of which melts at 48° C. and boils 
at 280° C. at 32 mm. 
p-Tolylphosphinic diphenylhydrazide, CH,.C,H,.PO(NH.NH. 
C,H;),, crystallises as fine, matted needles, M.pt. 171° C., readily 
decomposed by acids, but not so easily by alkalis. 
p-Tolyldipiperidine-N-phosphine, CH,.C,H,.P(NC;H,,)., ob- 
tained in a similar manner to the corresponding phenyl compound, 
crystallises from ether as large, monoclinic crystals, M.pt. 80° C.1_ With 
carbon disulphide it gives an addition product, C,H,.P(NC;H, )..2CS., 
pale yellow crystals, M.pt. 139° C. 
p-Tolylditetrahydroquinoline - N - phosphine, CH..C, He 
P(NC,H,9)., forms white needles, M.pt. 140° C., sparingly soluble in 
ether, alcohol or benzene. The corresponding owide gives long, white 
needles, M.pt. 181° C. 
p-Carboxyphenylphosphinic amide, NH,.CO.C,H,.PO(OH),.? 
—When p-carboxyphenylphosphinic acid (1 part) is treated with 
3 parts of phosphorus pentachloride, an acid chloride is produced, 
CICO.C,H,.POCI1,. The latter in benzene solution, treated with 
ammonium carbonate or dry ammonia, gives the required amide. 
The amide is best isolated in the form of its silver salt. Treatment 
of the foregoing acid chloride with aniline gives p-carboxyphenylphos- 
phinic anilide, C,H;,.NH.CO.C,H,.PO(NH.C,H;)., a white, crystalline 
product, M.pt. 242° C., only slowly affected by boiling acid or alkali. 
Pseudocumylphosphinic dianilide, C,H,,.PO(NH.C,H;)., forms 
small, white, silky needles, M.pt. 197° C., very stable towards hot 
dilute acids and alkali. The oxychloride, CyH,,.POCI,, when heated 
with aniline salts in xylene solution, yields a phosphazo-derivative, 
Coe ON. Ce . 
Pseudocumylphosphinic diphenylhydrazide, C,H,,.PO(NH.NH. 
C.H;)., separates as white, glistening needles, M.pt. 208° C., and reduces 
Fehling’s solution on warming. 
Phenyltrianilidophosphonium chloride, (C,H,.NH),C,H;.PCl,?® 
is formed when the tetrachloride, C,H,.PCl,, is heated for a long time 
1 Michaelis, Ber., 1898, 31, 1046. 
2 Michaelis, Annalen, 1896, 293, 280. 
3 Michaelis and Kuhlmann, Ber., 1895, 28, 2212. 
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with aniline hydrochloride at about 200° C. It gives blue-tinted 
needles, M.pt. 250° C. The corresponding bromide melts at 235° C., 
the zodide at 165° C., the nitrate at 160° C., and the hydrowide at 216° C. 


Chlorophenyldichlorophosphine and piperidine condense to form a 
product of M.pt. 95° C. The corresponding anisyldichloro-derivative 
melts at 69° C. and the phenetyl compound at 84° C. These form 
phosphonium iodides and combine with carbon disulphide. 


p-Tolyltrianilidophosphonium chloride, (C,H;.NH),C,H,.PCl, 
forms colourless, slender needles, M.pt. 245° C., and the platinichloride 
crystallises in golden-yellow plates. Sodium hydroxide converts the 
chloride into the hydroxide, a colourless glistening powder, M.pt. 
240° C., from which a nitrate, M.pt. 180° C., a bromide, M.pt. 238° C., 
and an iodide, M.pt. 235° C., have been obtained. 

Pseudocumyltrianilidophosphonium chloride, (C,H;.NH), 
C,H,,.PCl, is a white, crystalline powder, M.pt. 247° C., from which 
the following derivatives may be isolated: bromide, a white crystal- 
line powder, M.pt. 259° C.; iodide, M.pt. 220° C.; nitrate, M.pt. 224° 
to 225° C.; hydroaide, stellate groups of needles, M.pt. 208-5° C., 
indifferent to litmus. 

p-Tolylphosphinic phenyl ester, CH,;.C,H,.PO(OC,H;),,? is 
obtained from one molecular proportion of the oxychloride, C,H,.POCI,, 
and two molecular proportions of phenol at 120° to 130° C. It is a 
viscous liquid having a bluish fluorescence and boiling above 360° C. 
Water decomposes it into phenol and p-tolylphosphinic acid. When 
only one proportion of phenol is used in the preparation, an ester chloride 
results, CH;.C,H,.POCI(OC,H,;); this is a white, crystalline mass, 
M.pt. 55° C., B.pt. above 360° C. The free acid is unknown, but a 
silver salt has been isolated, together with the following derivatives : 
ane nde. Cli.,.C.H,.PO(NH,)(OC,H;); M.pt. 115° to 116° C.; a 
phenylhydrazide, CH .C,H,.PO(OC,H;)(NH.NH.C,H;), small white 
needles, M.pt. 178° to 174° C.; a piperidide, CH,.C,H,.PO(OC,H;) 
(NC,H,,), a viscous yellow oil; a p-cresyl ester, CH,.C,H,.PO(OC,H.),, 
a viscous liquid, B.pt. above 360° C., yielding an ester chloride, M.pt. 
60° C.; a pyrocatechol ester, M.pt. 81° C., B.pt. above 360° C., its ester 
chloride being a thick, colourless liquid, B.pt. above 360° C. 

Pseudocumylphosphinic diphenyl ester,? C,H,,.PO(OC,H;),, 
is produced either by the action of sodium phenolate on the oxy- 
chloride (CgH,,.POCI,) or from phenol and the tetrachloride (C,H,,. 
PCl,). It is a viscous, colourless liquid, B.pt. above 360° C., density 
1-172 at 15° C. After standing for some months it becomes solid, 
M.pt. 62-5° C., and is stable to dilute alkali but saponified by alcoholic 
alkali. 


COMPOUNDS OF THE Types R,PX anpd RR’PX. 
These types of phosphines may be obtained by the interaction of 
aryldichlorophosphines and mercury diaryls or arylmercuric halides : 
RPCl, + R,Hg =R,PCl + RH¢gCl 
RPCl, + RHgCl = R,PCl + HgCl, 


1 Michaelis, Ber., 1898, 31, 1037; Rocher, Jnaug. Dissert. Rostock, 1896. 
2 Michaelis, Annalen, 1896, 293, 213. 
3 Michaelis, ibid., 1897, 294, 8. 
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In the case of dipseudocumylchlorophosphine, it occurs during the 
preparation of the primary phosphine. All the compounds are high- 
boiling, viscous liquids, which may be oxidised to the corresponding 
phosphinic acids, R,PO(OH). Treatment with chlorine converts 
them into trichlorides, R,PCl,, which are readily decomposed by 
water yielding phosphinic acids. In several cases oxychlorides are 
known. 

A number of interesting condensation products may be isolated 
from diarylchlorophosphines, of which the following is an example : 
Diphenylchlorophosphine and sodium ethoxide react. to form ethyl 
diphenylphosphinite, (C,H,;).P.OC,H;, the by-product in this reaction 
being ethyl diphenylphosphinate, (C,H;),PO.0C,H;. Under the cata- 
lytic influence of ethyl iodide at the ordinary temperature the phos- 
phinite is transformed to ethyldiphenylphosphine oxide, (C,Hs;) 
(C,H,;),PO. If the sodium ethoxide be replaced by sodium mercaptide, 
ethyl diphenylthiophosphinite results, (C,H;).P.SC,H,, the by-product 
being ethyl diphenyloxythiophosphinate, (C,H;),PO.5C,H;. In some 
cases under the catalytic action of alkyl iodides the thiophosphinites 
are transformed to sulphides, e.g. isopropyl diphenylthiophosphinite 
gives isopropyldiphenylphosphine sulphide, (C,H,)(CgH;)2PS. 

Diphenylchlorophosphine, (C,H;),PCl—Mercury diphenyl, 35 
grams, and 30 grams of phosphenyl chloride are heated together at 220° 
to 230° C., the mass extracted with benzene and filtered. The solvent 
is removed and the residue fractionated, the pure product distilling 
at 820° C. and having a density of 1-2293 at 15° C. It is a viscous oil, 
only slightly attacked by water, but exposure to the air or boiling with 
concentrated nitric acid oxidises it to diphenylphosphinic acid. Treat- 
ment with chlorine gives a trichloride, (CgH;),PCl, readily decomposed 
by water.} 

Di-p-tolylchlorophosphine, (CH .C,H,),PCI, is a colourless oil, 
B.pt. 845° to 350° C., yielding a pale yellow trichloride and an owy- 
chloride in the form of a viscous oil boiling above 360° C. 

Di-p-tolylthiochlorophosphine, (CH ;.C,H,),PSCl.2— Toluene 
(200 to 250 grams), 200 grams of phosphorus sulphochloride and 30. 
erams of aluminium chloride are heated together in an oil-bath, first 
at 126° to 130° C., then at 180° C. until the evolution of hydrogen 
chloride ceases. The dark brown liquid is shaken with petroleum ether 
and after twelve hours the solvent is distilled off, the residue heated to 
126° C. to remove phosphorus sulphochloride, then shaken many times 
with petroleum ether. The pale yellow solution is poured off from the 
black residue and yellow crystals separate. Crystallisation from acetic 
acid gives white needles, M.pt. 96° C. The mother-liquors contain 
primary and secondary p-tolylthiochlorophosphines. | 

Dipseudocumylchlorophosphine, [(CH,;),C,H,|,PCL* is formed 
together with the primary phosphine when aluminium chloride is 
used as a catalyst in the interaction of phosphorus trichloride and 
pseudocumene, but the product is difficult to isolate in a pure state. 
The boiling-point is 305° C., and chlorine reacts with the crude product 
yielding a mixture of trichlorides, which when treated with water give 
a monobasic acid, M.pt. 212° C., and a dibasic acid, M.pt. 208° C. 


1 Michaelis, Ber., 1877, 10, 627; Michaelis and Link, Annalen, 1881, 207, 193. 
2 Michaelis, Annalen, 1901, 315, 64. 
3 Michaelis, loc. cit. 
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Phenyl-p-tolylchlorophosphine, (C,H;)(C,H,)PCl,+ may be pre- 
pared as follows: (1) Phenyldichlorophosphine, 78 grams, and 60 
grams of p-tolylmercuric bromide are heated together in a flask at 
270° C. for two to three hours. A reflux condenser is then attached 
to the flask and through this a stream of carbon dioxide is circulated. 
The reaction is very vigorous at first; after its completion the mass 
is cooled, extracted with benzene, the extract filtered and fractionally 
distilled. The product boils at 230° to 240° C. at 100 mm., the yield 
being 30 grams, or 63-5 per cent. (2) p-Tolyldichlorophosphine, 30 
grams, and 35 grams of mercury diphenyl are heated together for two 
hours at 270° C., and after cooling, the mass is treated with dry benzene, 
the extract filtered and fractionated in a carbon dioxide atmosphere. 
Phenyl-p-tolylchlorophosphine is a vile-smelling, colourless liquid, 
which yields a bright yellow crystalline trichloride when treated with 
chlorine. 

Phenylpseudocumylchlorophosphine, (C,H,)(C)H,,)PCl, occurs? 
in 25 to 80 per cent. yield when 40 grams of mercury diphenyl and 30 
grams of pseudocumyldichlorophosphine react together. The product 
boils normally at 356° C. or at 208° C. at 10 mm. The trichloride 
erystallises in light yellow flakes, and the owychloride is a liquid, B.pt. 
210° to 215° C. at 10 mm. 

Diphenylbenzylphosphine dichloride,? (C,H;),(C,H,)PCl,, is 
formed when diphenylchlorophosphine is heated at 180° C. with an 
excess of benzyl chloride. It melts at 187° C., is insoluble in ether and 
benzene, and is quickly decomposed by alcohol or water to diphenyl- 
benzylphosphine oxide, (C,H;),.(C,;H,)PO, consisting of small white 
prisms, M.pt. 195° to 196° C. It is interesting to note that under 
similar conditions triphenylphosphine dichloride forms the dihydroxide. 
Nitration of the oxide by mixed acid yields trinitrodiphenylbenzyl- 
phosphine oxide, (C,H,.NO,).(C;H,.NO,)PO, colourless crystals from 
acetic acid, M.pt. 206° C., reduced by tin and hydrochloric acid. 


Condensation Products from Compounds of the Type R,PX. 


Ethyl diphenylphosphinite, (C,H,;),P.OC,H,,* is formed when 
diphenylchlorophosphine in ether solution is treated with sodium 
ethoxide. The product is a transparent liquid, B.pt. 179° C. at 14 mm., 
density 1-0896 at 0° C. It forms an additive compound with copper 
iodide, M.pt. 190° to 191° C. Under the catalytic influence of ethyl 
iodide at ordinary temperature it is transformed into ethyldiphenyl- 
phosphine oxide. “During the preparation of the phosphinite some 
ethyl diphenylphosphinate, (C,H,;),PO(OC,H;), is obtained as a by- 
product. 

Ethyl diphenylthiophosphinite, (C,H,;),P.SC,H,,° is the con- 
densation product of diphenylchlorophosphine and sodium ethyl 
mercaptide. It is a liquid, B.pt. 196-5° to 197° C. at 138 mm., density 
11330. It gives double salts with copper halides. The by-product in 


1 Michaelis, Annalen, 1901, 315, 59; Sdchtig, Inaug. Dissert. Rostock, 1894; Wedekind, 
Ber., 1912, 45, 2933; Pope and Gibson, Trans. Chem. Soc., 1912, 101, 735; Radcliffe and 
Brindley, Chemistry and Industry, 1923, 42, 64. 

2 Michaelis, Ber., 1877, 10, 627; Michaelis and Link, loc. cit. 

3 Dorken, Ber., 1888, 21, 1505. 

4 Arbusoff, J. Russ. Phys. Chem. Soc., 1910, 42, 395. 

5 Arbusoff, ibid., p. 549. 
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this preparation is ethyl diphenyloxythiophosphinate, (C,H;),PO.SC,H,, 
M.pt..72° ito 73° €. 

isoPropyl diphenylphosphinite, (C,H,;),P.OC3H.,, boils at 160° C. 
at 8 mm., has a density of 10925 at 0° C., and forms a crystalline 
additive compound with copper iodide, M.pt. 114° to 115° C.  isoPropyl 
diphenylphosphinate, (C,H;),.PO.OC,H,, M.pt. 95° to 96° C., is formed 
as a by-product. 

isoPropyl diphenylthiophosphinite, (C,H;),P.SC,H,, occurs 
only in small quantity when diphenylchlorophosphine reacts with 
sodium zsopropyl mercaptide. It boils at 229° to 230° C. at 28 mm., and 
rapidly isomerises under the influence of isopropyl iodide to isopropy]- 
diphenylphosphine sulphide. 

isoButyl diphenylphosphinite, (C,H;),P.O0C,H,, boils at 202° 
to 203° C. at 11 mm., has a density of 1-0311 at 17° C., and forms a 
crystalline additive compound with copper iodide. In its preparation 
asobutyl diphenylphosphinate, (C,H;),PO.OC,H», M.pt. 77° C., is the 
by-product, together with a little diphenylphosphinic acid. 

isoButyl diphenylthiophosphinite, (C,H,;),P.SC,H,, from sodium 
asobutyl mercaptide and diphenylchlorophosphine, is a colourless liquid, 
B.pt. 200-5° to 201° C. at 8 mm., density 1-0892 at 0° C., forming an 
additive compound with copper iodide. Under the catalytic influence 
of zsobutyl iodide at 115° C. it yields isobutyldiphenylphosphine 
sulphide. 

isoAmyl diphenylthiophosphinite, (C,H;),.P.SC;H,,, is a liquid, 
B.pt. 219° to 220° C. at 12 mm., density 1-:0645 at 17° C. 

Ethyl phenylethylphosphinate, (C,H;)(C,H,)PO.OC,H,, is 
formed by the isomerisation of diethyl phenylphosphinite under the 
catalytic influence of ethyl iodide. It boils at 162° to 164° C. at 16 mm., 
and on hydrolysis forms ethylphenylphosphinic acid, M.pt. 79° to 80° C. 


CoMPOUNDS OF THE Type RPO,. 


This type of oxide has no parallel in the arsenical compounds. 
The compounds are prepared by heating dried arylphosphinic acids 
with the corresponding oxychlorides : 


C,H,.PO(OH), + C,H;.POCI, =2C,H;.PO, +2HCl 


They may also be obtained by dehydrating arylphosphinic acids by 
means of phosphorus pentachloride, but the resulting products are 
not so crystalline as those obtained by the former method. All the 
compounds are crystalline solids, water converting them into the 


corresponding acids. 
O 
ae Vl 
oe. 


Phenyl phosphinoxide,! 
Seven grams of phenylphosphinic acid are dried and heated with 12 
grams of the corresponding oxychloride, C,H,;.POCI,, in a reflux 
apparatus until the evolution of hydrogen chloride ceases, when the 
product is washed with cold benzene and then taken up in warm benzene. 
The solution is first frozen, then carefully thawed, and the solvent 


1 Kohler and Michaelis, Ber., 1877, 10, 807; Michaelis and Rothe, Ber., 1892, 25; 
1747. g 
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poured off, the residue being dried at 70°C. in a stream of carbon 
dioxide. The resulting product is a white, crystalline powder, M.pt. 
100° C., readily soluble in benzene. Exposure to moist air converts 
it into phenylphosphinic acid. If the latter acid be dehydrated by 
means of phosphorus pentachloride, the oxide produced is not so 
crystalline as that isolated by the previous method. 
Chlorophenylphosphinoxide, CIC,H,.PO,, is readily formed 
when the dry phosphinic acid is heated with the oxychloride in dry 
benzene for two hours. It is a white, glistening, crystalline powder, 
M.pt. 211° C., soluble in hot benzene and readily transformed to the 
acid by water. 
Bromophenylphosphinoxide, BrC,H,.PO,, is a white powder, 
M.pt. 185° to 186° C., only sparingly soluble in benzene. 
p-Tolylphosphinoxide, CH,.C,H,.PO,, has similar properties to 
the phenyl compound and melts at 101° C. The corresponding o0-tolyl- 
compound crystallises in compact prisms, but no melting-point is 
recorded. | 
p-Anisylphosphinoxide, CH,0.C,H,.PO,, is a white powder, 
M.pt. 52° C., readily soluble in benzene but insoluble in petroleum 
ether ; it fumes in the air and is easily converted into the acid.? 
Pseudocumyl]phosphinoxide, C,H,,.PO,, crystallises from ben- 
zene in small leaflets or prisms, M.pt. 216° C., and is less readily attacked 
by water than the phenyl and tolyl compounds.? 
Mesitylphosphinoxide, C,H,,.PO,, forms very small crystals 
melting with decomposition at 215° to 216° C. 
Diphenylmethanephosphinoxide, C,,H,,.PO,, prepared from the 
acid and oxychloride in the usual manner, is a snow-white powder, 
M.pt. 169° C., soluble in hot benzene or chloroform. Water slowly 
converts it into the phosphinic acid.? 


TRIARYLPHOSPHINE OXIDES AND SULPHIDES. 


Unlike the tertiary arsines, the tertiary phosphines do not yield 
stable dihalides of the type R3PX,,4 these being obtained only as 
syrups which yield dihydroxides on treatment with alkalis. Dehydra- 
tion of the dihydroxides over sulphuric acid gives the oxides, RPO. 
Nitration of the triaryldihydroxides by mixed acid yields trinitro- 
triarylphosphine oxides, which may be reduced to amino-oxides in the 
usual way. Solution of triarylphosphines in fuming nitric acid forms 
dinitrates, R3P(NO3;),, which may be transformed into hydroxy- 
nitrates by prolonged standing over lime and concentrated sulphuric 
acid. Compounds containing the benzyl radical are obtained by special 
methods. 

The triarylphosphine oxides are solids, and those which do not 
contain nitro- or amino-groups substituted in the benzene ring yield 
double salts with many metal chlorides, such derivatives having well- 
defined crystalline forms. 

Triarylphosphines in carbon disulphide or. ether solution dissolve 
sulphur to give crystalline sulphides. 


1 Michaelis, Annalen, 1896, 293, 254. 

2 Michaelis and Rothe, loc. cit.; Michaelis, Annalen, 1897, 294, 8. 

3 Michaelis, Annalen, 1901, 315, 45. 

4 A possible exception is tripsewdocumylphosphine, which forms a relatively stable 
dibromide. 
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Triphenylphosphine dihydroxide, (C,H,;),P(OH),.—If bromine 
be added to triphenylphosphine, a thick syrup is obtained which decom- 
poses on the addition of sodium hydroxide with formation of the 
dihydroxide: + 


(C,H;);PBr, + 2NaOH = (C,H;);P(OH), +2NaBr 


The bromine may be replaced by chlorine or the phosphine in con- 
centrated hydrochloric acid can be treated with potassium chlorate. 
The dihydroxide crystallises from benzene-petroleum ether solution 
in long, thin, white prisms, M.pt. 148° C., insoluble in water, soluble in 
alcohol. 

Triphenylphosphine oxide, (C,H;),PO, results when the di- 
hydroxide is dried over sulphuric acid or heated to 100° C. with water. 
It melts at 153-5° C. and boils above 360° C. without decomposition. 
It forms the following double salts:? Triphenylphosphine oxide 
hydrogen ferrocyanide, 2(C,H;),PO.H,Fe(CN),, small, colourless needles, 
turning green on exposure to light, insoluble in water; triphenyl- 
phosphine owide hydrogen cobalticyanide, (C,H;),PO.H3,Co(CN),.8H,0, 
transparent, indefinite, prismatic crystals, M.pt. 172° C.; triphenyl- 
phosphine owide hydrogen aurichloride, 2(C,H;),PO.AuCl,, flat, yellow, 
hexagonal plates, M.pt. 179° C.; triphenylphosphine oxide trichlor- 
acetate, (C,H;),PO.CC1,COOH, colourless, rhombic crystals, M.pt. 97° to 
99° C.; triphenylphosphine owide hydrogen chloride, (C,H;),PO.HCI, 
white, cubic crystals, M.pt. 185° C.; triphenylphosphine oaide cadnivum 
iodide, 2(C,H,;),PO.CdI,, stout, white prisms, M.pt. 192-5° C.; tri- 
phenylphosphine oxide zinc chloride and zine iodide, general formula 
2(C,H;),PO.ZnX,4, the chloride crystallising as small colourless prisms, 
the iodide as small, colourless rhombs, M.pt. 223° to 226° C.; tm- 
phenylphosphine oxide cobalt chloride, 2(C,H;),;PO.CoCl,, deep blue, 
cubic crystals, M.pt. 233° C. 

Tri-m-nitrotriphenylphosphine oxide,® 


oF 


3 


5 grams of triphenylphosphine dihydroxide are added to’a mixture 
of 10 grams of nitric acid and 25 grams of concentrated sulphuric acid 
maintained at 15° to 20° C. The clear solution is poured into cold 
water, the precipitate removed, washed with water and boiled with 
alcohol, a heavy crystalline powder resulting. Purification is effected 
by boiling with acetic acid and adding four volumes of alcohol to the 
cooled solution, faint yellow needles separating, which become white 
on repeated recrystallisation. The yield is 85 to 90 per cent. The 
compound melts at 248° C., explodes at higher temperatures, dis- 
solves readily in hot acetic acid, but is insoluble in the usual solvents. 
Tri-m-aminotriphenylphosphine oxide, (C,H,.NH,),PO.—To 
a mixture of 30 parts of tin and 100 to 150 parts of concentrated 
hydrochloric acid, 10 parts of the preceding nitro-derivative are slowly 
added and the mixture warmed until the tin dissolves and the nitro- 


1 Michaelis and Gleichmann, Ber., 1882, 15, 801; Michaelis and Soden, Annalen, 1885, 
229, 295; Ber., 1884, 17, 921. 

2 Pickard and Kenyon, T'rans. Chem. Soc., 1906, 89, 262. 

3 Michaelis and Soden, Ber., 1884, 17, 921. 
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compound disappears. The reaction mixture is then diluted with 
water, treated with hydrogen sulphide to remove the tin, and after 
filtration an excess of sodium hydroxide added to the filtrate. The 
white precipitate is washed with water and crystallised from boiling 
aleohol, snow-white prisms, M.pt. 259° C., being obtained; these are 
soluble in hot water or acetone, and form salts with acids, these salts 
dissolving in water. Neutral solutions of the salts yield yellow pre- 
cipitates with platinic chloride. The acetyl derivative melts at 187-5° C., 
and the benzoyl derivative at 180° C. The base with bromine water 
gives a white precipitate having the composition [C,H,Br.(NH,)|,P0, 
M.pt. 205° to 206° C., and methylation of the base by methyl iodide 
in asealed tube at 100°C. gives the base [C,H,.N(CH;),.],PO(C,H,.NH,), 
white needles, M.pt. 182° to 186° C. 

Triphenylphosphine dinitrate, (C,H;),P(NO;),..—Triphenyl- 
phosphine dissolves in fuming nitric acid with evolution of heat, and 
the mixture, when poured into water, yields a yellow oil which gradually 
solidifies and crystallises. The product appears to be a mixture of the 
dinitrate and dihydroxide and changes completely into the latter on 
standing in air. Evaporation of the fuming nitric acid solution on 
the water-bath gives the nitrate as a yellow crystalline mass. After 
standing for eight days over lime and concentrated sulphuric acid, the 
nitrate is transformed into the hydroaynitrate, (C,H;),P(OH)NO;, M.pt. 
75° C. Nitration of the phenyl group cannot be effected by fuming 
nitric acid alone, but takes place when a mixture of nitric and sulphuric 
acids is used. 

Triphenylphosphine sulphide, (C,H,),PS.1—Triphenylphosphine 
in carbon disulphide solution combines directly with sulphur to yield 
the sulphide, and thiocyanic acid or thiocyanogen also gives some 
sulphide when it reacts with the phosphine.? The sulphide crystallises 
from alcohol in long, brilliant needles, M.pt. 150° to 151° C., readily 
soluble in alcohol, benzene, chloroform or carbon disulphide, insoluble 
in water or ether. 

Triphenylphosphine sulphide and diphenylketene in molecular pro- 
portions react to form triphenylphosphine oxide and thioketene.? 

Triphenylphosphine selenide,+ (C,H,;),PSe, melts at 183° to 
184° C, 

Tri-p-tolylphosphine oxide, (CH,.C,H,),PO, crystallises from 
benzene-ligroin as small needles, M.pt. 145° C.; the sulphide and 
selenide both crystallise in needles, melting at 182° C. and 189° C. 
respectively. 

Chlorophenyldi -p-tolylphosphine oxide, (CIC,H,)(CHs3. 
C,H,),PO, separates as long, bushy needles, M.pt. 130° C., the corre- 
sponding selenide as short, white needles, M.pt. 172° C., and the sulphide 
as small, white crystals, M.pt. 149° C. Oxidation of the oxide by 
chromic oxide and acetic acid gives the dicarboxy-acid, (CIC,H,) 
(COOH.C,H,),PO.OH, as white plates. 

p - Tolyldipiperidine -N-phosphine oxide,’ (CH;.C,H,) 
(NC,H,,)),PO, erystallises in white, hygroscopic needles, M.pt. 60° C., 
and the corresponding sulphide is very stable, melting at 88° C. 


1 Michaelis and Gleichmann, Ber., 1882, 15, 801. 

* Challenger, Smith and Paton, T’rans. Chem. Soc., 1923, 123, 1046. 

3 Staudinger, Rathsam and Kjilsberg, Helv. Chim. Acta, 1920, 3, 853. 
4 Michaelis and Soden, loc. cit. 

5 Michaelis, Ber., 1898, 31, 1037. 
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Tribenzylphosphine oxide, (C,H,.CH,),PO.—Benzal chloride at 
130° C. is treated with phosphonium iodide in small quantities, when a 
violent reaction ensues ; the whole operation is conducted in a carbon 
dioxide atmosphere. A resinous mass results and this is decomposed 
by heating with water or alcohol.t_ The reaction is represented by the 
following equations :— 


C,H,.CHCl, + 2PH,I =C,H,.CH,Cl +2PH, +1, + HCl 
3C,H,;.CH,Cl +PH, +1, =(C,H;.CH,),PI, +3HCl 
(C,H,.CH,),PI, +H,O =(C,H,.CH,),PO +2HI 


The oxide also occurs as a by-product when phosphonium iodide and 
benzaldehyde are digested together for four to five hours at 100° C.,? 
the following equation indicating the course of the reaction :— 


2PH,I + 4C,H,.CHO =C,H,.CH,.PO(OH), + (C,H;.CH,),;PO +2HI 


The oxide crystallises from alcohol as white, transparent needles, 
M.pt. 218° C., soluble in benzene, ether and chloroform, and subliming 
without decomposition.? It is very stable and is unacted upon by 
reducing agents such as hydrogen iodide or sulphur dioxide. Its 
alcohol solution yields double salts with metal chlorides, the following 
being known: With palladium chloride, [(C;H,),PO]3;.PdCl,, a brownish- 
red mass; with ferric chloride, [(C,;H,),PO]3.2FeCl;, light yellow 
prisms ; with mercuric chloride, [(C,H,),;PO];.HgCl,, colourless prisms 
or pyramids; with cobalt chloride, [(C,;H,),;PO]3.CoCl,, blue needles ; 
with platinic chloride, |(C,H,);PO],.H,PtCl,, yellow needles,* M.pt. 
240° to 241° C.; also with hydrogen chloride, (C;H,),;PO.HCl, M.pt. 
169° C., is formed with gas evolution, solidifying and remelting at 
208° to 210° C.; with chloroauric acid, [(C;,H,),PO],.HAuCl,, flat, 
yellow, hexagonal plates, M.pt. 222-5° C.; with magnesium methyl 
todide, [(C,H,),PO],.CH,MgI, small, colourless needles or prisms, 
M.pt. 163° to 166° C. 

Tri-p-nitrotribenzylphosphine oxide, (C,H,.NO,),PO,° is 
formed by nitration of the foregoing oxide with nitric acid (density 1-5) 
at 0° C. It separates from dilute acetic acid as colourless needles, 
M.pt. 273° C., sparingly soluble in chloroform, acetone, benzene or 
alcohol, insoluble in light petroleum. Oxidation with 2 per cent. 
alkaline permanganate solution gives p-nitrobenzoic acid. 

Tri-biphenylphosphine oxide,® (C,H;.C,H,),PO, is prepared by 
treating the phosphine with bromine in ether, and heating the oily 
dibromide obtained in the presence of air. It also occurs when tri- 
biphenylbenzylphosphonium bromide reacts with alcoholic potash. 
It crystallises from alcohol containing a little ammonia in flat, needle- 
like crystals, M.pt. 238° to 234° C. 

Tri-m-xylylphosphine oxide, (C,H,),PO, has been described, 
but no melting-point is given. The corresponding sulphide forms 
prisms, M.pt. 167° C. . 

1 Fleissner, Ber., 1880, 13, 1665. 

2 Litthauer, Ber., 1889, 22, 2144. 

3 Fleissner, loc. cit. 


4 Pickard and Kenyon, Trans. Chem. Soc., 1906, 89, 262; compare Fleissner, loc. cat. ; 
Letts and Collie, Trans. Roy. Soc. Edin., 1888, 30, pt. i, 181. 


> Challenger and Peters, J. Chem. Soc., 1929, p. 2610; compare Collie, Trans. Chem. © 


Soc., 1889, 55, 223. 
§ Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 
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Tri-p-xylylphosphine oxide, (C,H,),PO, melts at 173° C., and 
the corresponding sulphide at 170° C. 

Tripseudocumylphosphine oxide, (C,H,,),PO, yields prisms, 
M.pt. 222° C., and the sulphide melts at 192° C. 


Mrixep PHOSPHINE OXIDES AND SULPHIDES. 


Two types of mixed phosphine oxides are known, namely, 
AlkAr,PO and Alk,ArPO. The former may be obtained by the action 
of heat on alkyltriarylphosphonium hydroxides, e.g. 


(CoH; )3P(CH;)OH =(C,H;)(CH;)PO + CH, 


or by treating diarylchlorophosphines with sodium alkoxides. Another 
important method of producing these oxides is based on the fact that 
alkyl diarylphosphinites under the catalytic influence of alkyl iodides 
undergo isomerisation to alkyldiarylphosphine oxides : 


Ar,P.OAlk —> Alk.Ar,PO 


The oxides Alk,ArPO are obtained by oxidation of the corresponding 
phosphines or heating the phosphonium hydroxides. 

Dialkylarylphosphines in carbon disulphide or ether solution dissolve 
sulphur with the formation of sulphides, which are crystalline solids. 
Alkyldiarylphosphine sulphides are obtained in a similar manner to 
the corresponding oxides by isomerisation of thiophosphinites, R,P.SR’, 
_ under the catalytic influence of alkyl iodides : 


Ar,P.SAlk —-> AlkAr,PS 


Methyldiphenylphosphine oxide, (CH;)(C,H;),.PO, may be 
isolated by the reactions indicated in the following equations :—! 


2(C,H,)3P(CH,)I + Ag,O + H,O =2(C,H;),P(CH;)OH +2AgI 
(C,H,),P(CH,)OH =(C,H,;),CH,.PO + C,H, 


An aqueous solution of methyltriphenylphosphonium iodide or chloride 
is treated with freshly precipitated silver oxide and boiled with water 
until a filtered test portion of the solution shows no turbidity with 
silver nitrate. The mixture is then entirely filtered and the filtrate 
evaporated to dryness on the water-bath. The residue is extracted with 
ether, the solvent removed and the product crystallised from ether, 
prisms resulting, M.pt. 110° to 111° C. The oxide has also been pre- 
pared by the interaction of diphenylchlorophosphine and sodium 
methoxide,? when it melts at 109° to 110° C., methyldiphenylphosphine 
occurring as a by-product. When obtained by heating an alcohol 
solution of methyltribiphenylphosphonium iodide with moist silver 
oxide, it crystallises in needles, M.pt. 223° to 224° C.8 
Ethyldiphenylphosphine oxide, (C,H;)(C,H,;),PO, occurs when 
the phosphonium compound is treated with silver oxide as before, 
or can be obtained from ethyl diphenylphosphinite, (C,H,;),P.OC,H,, 
under the catalytic influence of ethyl iodide at room temperature. 
It separates from boiling ether in colourless, glistening prisms, M.pt. 
E212G, 
1 Michaelis and Soden, Annalen, 1885, 229, 295. 


2 Arbusoff, J. Russ. Phys. Chem. Soc., 1910, 42, 395. 
3 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 
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isoPropyldiphenylphosphine oxide, (C,H,)(C,H;),PO,! crystal- 
lises in prisms, M.pt. 145° to 146° C., and is formed quantitatively 
by heating tsopropyl diphenylphosphinite with isopropyl iodide at 
115 3C, 
isoButyldiphenylphosphine oxide, (C,H,)(C,H;),PO.—7soButyl 
diphenylphosphinite, when heated at 120° C. with isobutyl iodide, is 
isomerised to the oxide, which forms needles, M.pt. 137-5° to 138° C. 
isoAmyldiphenylphosphine oxide, (C,;H,,)(C,H;),PO,? separates 
from boiling water as small, stellate groups of needles, M.pt. 96° to 
aie Or 
Dimethyl-p-tolylphosphine oxide, (CH,;),(CH;.C,H,)PO.*—The 
phosphine is suspended in a large bulk of water and treated with the 
calculated quantity of mercuric oxide, the latter soon becoming reduced 
and the odour of phosphine apparent. After filtering and evaporating, a 
yellow oil remains, which crystallises to a stellate, hygroscopic mass, 
M.pt. 95° C. This oxide is not attacked by fuming nitric acid, but a 
mixture of one part of concentrated nitric acid and two parts of con- 
centrated sulphuric acid causes nitration to occur; the nitrated pro- 
duct is diluted with water, partially neutralised with sodium hydroxide, 
the neutralisation being completed by sodium carbonate ; evaporation 
to dryness and extraction of the residue with alcohol then yields an 
oil which deposits yellow prisms, M.pt. 175° C., when dried over sulphuric 
acid. This nitro-compound is soluble in water, alcohol or acetic acid, 
but insoluble in ether, benzene and carbon disulphide; it yields a 
mercurichloride, consisting of white needles, M.pt. 127° C. 
Dimethyl-p-carboxyphenylphosphine oxide, (CH,;),(COOH. 
C,H,)PO, occurs when the foregoing oxide is oxidised by alkaline 
potassium permanganate in the usual manner. It forms colourless 
crystals, M.pt. 240° C., B.pt. above 360° C. at 15 mm., readily soluble 
in water, alcohol or acetic acid, insoluble in ether or benzene. The 
corresponding mercurichloride separates from hot water as white needles, 
M.pt. 154° C.; the aurichloride yields shining, colourless, rhombic 
plates; the platinichloride crystallises as hard, rhombic plates, M.pt. 
234° C.; the ammonium salt is deposited from alcohol-ether as needles, 
melting with decomposition at 212° C.; the silver salt forms small, hard 
crystals, and the copper salt is a blue-green powder. Equimolecular 
proportions of the oxide and phosphorus pentachloride give an acid 
chloride, (CH3).(CICO.C,H,)PO, not obtained pure enough for analysis, 
but yielding an anilide, (CH3).(C,H;.NH.CO.C,H,)PO, which separates 
from 30 per cent. alcohol in pearly plates, M.pt. 235° C. 
Diethylphenylphosphine oxide, (C,H;),(C,H;)PO,* melts at 55° 
to 56° C., B.pt. above 860° C. It deliquesces on exposure to the air. 
Diethyl-p-tolylphosphine oxide, (C,H;),(CH;.C,H,)PO,® melts 
at 74° C., and yields a mercurichloride, M.pt. 135° C. 
Diphenyibenzylphosphine oxide, (C,H,;),(C,H,.CH,)PO,® ob- 
tained from diphenylchlorophosphine and sodium benzyloxide, melts 
at 192° to 198° C. 
Diethylbenzylphosphine oxide, (C,H,),(C,H;.CH,)PO, occurs 
1 Arbusoff, loc. cit. 
2 Michaelis and Soden, loc. cit. 
3 Michaelis, Annalen, 1896, 293, 283; Miething, Inaug. Dissert. Rostock, 1895. 
4 Michaelis and Ananoff, Ber., 1874, 7, 1688; Michaelis, loc. cit. 


5 Michaelis, loc. cit., p. 235. 
§ Arbusoff, loc. cit. 
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when diethylbenzylphosphine is oxidised by exposure to the air or 
treatment with nitric acid. The product is much purer if obtained 
by heating the phosphonium hydroxide : 


(C,H,).(C ,H;.CH,).P.OH = (C,H,).(C ,H;.CH,)PO + C,H, 


The oxide boils at 328° to 830° C. and crystallises in long needles, 
which react with sodium giving the free phosphine. It thus differs 
from trimethylphosphine and triethylphosphine, which are unaffected 
by sodium. 

Allyldi-biphenylphosphine oxide,’ (C,H,;)(C,H,.C,H,),PO, occurs 
when allyltribiphenylphosphonium bromide is treated with hot alcoholic 
potash. It forms microscopic crystals, softening above 160° C. and 
melting to a cloudy liquid at 192° to 198° C. The product contains 
one molecule of alcohol of crystallisation. 

Diethylbenzylphosphing sulphide,’ * (C,H;).(C,H;.CH,)PS, occurs 
when sulphur is added to an ‘éther solution of the phosphine. It melts 
at 94° to 95° C. and boils with artial decomposition at 300° to 810° C. 
When heated with metailic > 804 usa, 2h violent reaction takes place and 
free phosphine is producéd, } OEE SH EES 


The thiophosphirsites ‘of the type RP. ‘SR? sinter the catalytic in- 
fluence of alkyl iodides widergo isonietisation into the sulphides R,R’.PS, 
the process being similar to that occurring with the corresponding 
oxygen compounds, but in the case of the sulphides complicated by 
the formation of by-products.? 

Ethyldiphenylphosphine sulphide, (C,H;)(C,H,;),PS, occurs 
when ethyl diphenylthiophosphinite, (C,H;),P.SC,H;, is heated with 
ethyl iodide in a sealed tube at 100° C. It crystallises in rhombic 
tablets, M.pt. 65-5° to 66° C. ) 

isoPropyldiphenylphosphine sulphide, (C,H,)(C,H;),PS, is 
rapidly produced when isopropyl iodide and isopropyl diphenyl- 
thiophosphinite are heated together at 99° C., the product crystallising 
in thin tablets, M:pt. 97°: to 98° C. 

isoButyldiphenylphosphine sulphide, (C,H,)(C,H;),PS, is ob- 
tained in quantitative yield when isobutyl diphenylthiophosphinite is 
heated with zsobutyl iodide at 115° C., but prolonged heating of the 
mixture at 80° C. gives di-zsobutyldiphenylphosphonium iodide. The 
sulphide separates as rhombic crystals, M.pt. 80° to 81° C. 

isoAmyldiphenylphosphine sulphide, (C,;H,,)(C,H;),PS.—The 
isomerisation in this case takes place at 120° C., the sulphide crystallising 
as large, bright, rhomboidal crystals, M.pt. 63-5° C. 


Phenyldipiperidine-N-phosphine sulphide,* C,H;.P(NC,H,,),S, 
occurs when sulphur is heated with the phosphine at 180° C. It crys- 
tallises as white needles, M.pt. 92° C., which are very stable. 

Tri-biphenylphosphine sulphide,®? (C,H;.C,H,),PS, obtained 
from the interaction of the phosphine and carbon disulphide saturated. 
with sulphur, forms microscopic plates, M.pt. 241° to 242° C., with 
preliminary softening. 


1 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 

2 Collie, Trans. Chem. Soc., 1888, 53, 714, 720. 

3 Arbusoff, J. Russ. Phys. Chem. Soc., 1910, 42, 549. 
4 Michaelis, Ber., 1898, 31, 1037. 

5 Worrall, J. Amer. Chem. Soc., 1930, 52, 2933. 
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Acips oF THE Types RP(OH),, RPO(OH), And R,PO.OH. 


The phenyl! derivatives of these acids were known in 1873, that is, 
two years before the corresponding arsenical compounds, the method 
of preparation of the phosphorus derivatives subsequently being 
applied to obtain the arsenical acids. In the latter case the develop- 
ment of the diazo-reaction as a means of obtaining the desired product 
ousted the older methods, but this reaction does not seem to have met 
with success in the case of the phosphorus acids. The principal methods 
for preparing the acids are shown by the following equations :— 


R.PCl, +2H,O =RP(OH), + 2HCl 
R.PCl, +2C,H,OH = RP(OH), +2C,H,Cl 
R.PCI, +3H,O =RPO(OH), + 4HCl 
R.POCI, +2H,O =RPO(OH), +2HCl 
R,.PCl, + 2H,0 =R,PV0-0H +3HCl 

The acids of the type RP(OH), are all-solids, readily forming metal 
salts and double salts with:arylhydrazines. No nitro- or amino-acids 
are known, and those containing halogen in the ring are not obtained 
by direct halogenation, but by using halogenated phosphines as starting 
materials. The esters? are: formed Py: Weating oe eBiOrOne eae 
with sodium alkoxides. - 

The largest class of Bevlokospiiae acids is that of the type 
RPO(OH),. These compounds are all solids and may be nitrated 
directly, the nitro-group entering the ring in the meta-position to the 
phosphorus. Reduction of the nitro-acids yields the corresponding 
amino-acids. Those acids containing halogen substituted in the 
benzene neucleus can be prepared from halogenated arylphosphines 
or by direct halogenation; the halogen enters the ring in the para- 
position to the methyl group in the case of the ortho- and meta-tolyl- 
phosphinie acids. Carboxylic acids are obtained by oxidising phos- 
phinic acids containing methyl groups with alkaline permanganate. 

The acids of the type R,PO.OH are solids and capable of undergoing 
changes similar to those already described for the two preceding types. 
The type may be sub-divided as follows: Ar,PO.OH, AlkArPO.OH, 
ArAr’PO.OH. The most numerous of these three classes is the first. 

The following schemes show the principal acids dealt with in this 


section :— 
Acids of the Type RP(OH);. 


X represents the grouping —P(OH).. 
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Acids of the Type RPO(OH),. 
X represents the grouping —-PO(OH),.. 
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Acids of the Types Ar,PO.OH, ArAr’PO.OH and AlkArPO.OH. 
X represents the grouping —PO.OH. 
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Phenylphosphinous acid or Phosphenylous acid, 


¢ »-P(OH), 


This acid is most readily obtained by the action of water or warm 
aleohol on phenyldichlorophosphine : 


C,H;.PCl, + 2H,0 =C,H;.P(OH), + 2HCl 


If alcohol is used, ethyl chloride is formed instead of hydrochloric acid. 
The preparation of triphenylphosphine by the Fittig reaction yields 
phenylphosphinous acid as a by-product. 

Phenylphosphinous acid crystallises in white plates, M.pt. 70° C., 
is easily soluble in hot water or alcohol, but not very stable in air. 
When strongly heated it decomposes according to the equation 


3C,H,.P(OH), =C,H;.PH, +2C,H,+2HPO, 


Treatment of the acid with mercuric chloride or sulphur dioxide 
oxidises it to phenylphosphinic acid. The following derivatives are 
formed by the combination of equimolecular proportions of the com- 
ponent substances: Phenylphosphinous acid phenylhydrazine, long, 
colourless prisms, M.pt. 135° C., soluble in hot water, sparingly soluble 
in cold water, and eliminating the acid portion of the molecule with 
excess of mineral acid; phenylphosphinous acid p-tolylhydrazine, fine 
needles, M.pt. 148° C.; phenylphosphinous acid benzylhydrazine, 
colourless prisms, M.pt. 108° C. 

The following salts of phenylphosphinous acid are known: 
potassium salt (2H,O), ammonium salt, calcium salt, barium salt (4,0), 
lead salt and tron salt. 

Diethyl phenylphosphinite, C,H,;.P(OC,H;,).,? is formed when 
phenyldichlorophosphine reacts with sodium ethoxide ; it is a colour- 
less, mobile liquid, B.pt. 235° C., density 1-082 at 16° C., insoluble in 
water; in contact with ethyl iodide it isomerises to ethyl phenylethyl- 
phosphinate, (C.H;)(CgH;)PO.OC,H;. 

Dithioethyl phenylphosphinite, C,H;.P(SC,H;).,3 occurs when 
ethyl mercaptan (1 mol.) in ether solution is treated with sodium and 
phenyldichlorophosphine (0-5 mol.). It boils at 143° to 144° C. at 
3-5 mm., and has a density of 1:1417 at 0° C. With cuprous bromide 

1 Michaelis and Ananoff, Ber., 1874, 7, 1688; Michaelis, Annalen, 1876, 181, 265; 
Kohler and Michaelis, Ber., 1877, 10, 807, 816; Michaelis and Soden, Annalen, 1885, 
229, 295. 

”, Kohler and Michaelis, Ber., 1877, 10, 816; Arbusoff, J. Russ. Phys. Chem. Soc., 


1910, 42, 395. 
3 Arbusoff and Kamai, J. Russ. Phys. Chem. Soc., 1929, 61, 2037. 
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it forms a crystalline compound. At 150° C. it combines with sulphur 
yielding a compound C, )H,;53;P, B.pt. 191° to 192° C. at 3-5 mm., 
density 1-2201 at 0° C.; this product is hydrolysed by sodium ethoxide 
to the crystalline salt C,H,.PS(SC,H;)ONa. When dithioethyl 
phenylphosphinite is heated at 130° C. with ethyl iodide in a sealed 
tube, it undergoes isomerisation to the sulphide C,H,.P(C,H;) 
(SC,H,) : S, B.pt. 169° to 170° C. at 3-5 mm., density 1-1693 at 0° C., 
which, with sodium ethoxide, yields the crystalline sodiwm salt of 
phenylethylmonothiophosphinic acid, C,H;.P(C,H;)(ONa):S; the 
corresponding acid is only a syrup. Dithioethyl phenylphosphinite 
and benzyl chloride at 200° C. afford the compound [S: P.C,H, 
(CH,.C,H;)S.],(?), M.pt. 145° to 146° C., and the oily compound 
S.: P.C,H,;(CH,.C;HjSC.H,., B.pt. 210° to216" © at Senin encian 
1-1826 at 0° C. 

Dithio-isobutyl phenylphosphinite, C,H;.P(SC,Hg)., is prepared 
in a similar manner to the foregoing dithioethyl compound. It boils 
at 191° to 192° C, at.12-5 mm., and has «a density of 1-0687. With 
flowers of sulphur it yields the sulphide C,H;.P(SC,H,),:5, and 
with bromacetie acid it gives a crystalline sodium salt, C,H;.P(:S) 
(ONa)CH,.CO,Na, the corresponding free acid being non-crystal- 
lisable. Dithio-2sobutyl phenylphosphinite with ethyl [-iodopro- 
pionate gives the compound C,;H,,0,S,P, B.pt. 200° to 206° C. at 
4-5 mm., but hydrolysis does not afford a crystalline acid. Benzyl 
chloride at 210° C. gives a compound S: P.C,H,(CH,.C,H;)SC,Ho, 
M.pt. 145° to 146° C., and hydrolysis of the residue from the prepara- 
tion of this compound yields phenylbenzylmonothiophosphimie acid, 
5: PCH, (CH. CH JOHN pt 1738 tod 

Phenylphosphoneacetic acid, HOP(C,H,)O.CH,.CO,H.1—The 
ethyl ester of this acid is prepared by the interaction of di-zsobutyl 
phenylphosphinite and ethyl monobromacetate ; it boils at 195° to 
198° C. at 7 mm., and has a density of 1-:1223 at 0° C. The free acid 
melts at 121-5° to 122-5° C.; its alkaloidal salts cannot be resolved into 
optically active components. 

Phenyl - a - phosphonepropionic acid, HOP(C,H,;)O. 
CH(CH,)CO,H.—When ethyl a-bromopropionate is used in the fore- 
going condensation, ethyl phenyl-a-phosphone propionate is formed, B.pt. 
191° to 198° C. at 7 mm., density 1-10535 at 0° C., the free acid melting 
at 168° to 169° C. 

p-Chlorophenylphosphinous acid,’ 


c< —_>-P(OH), 


crystallises from water in fine, silky needles, and from alcohol in glisten- 
ing plates or spears, M.pt. 130° to 181° C. The ammonium, barium 
(H,O) and copper (4H,0) salts are known. The double salt with 
phenylhydrazine crystallises in bright yellow plates or golden-yellow 
needles from dilute solution and melts at 169° C. 
p-Bromophenylphosphinous acid,® 


Bré)-P(OH), 


1 Arbusoff and Arbusoff, J. Russ. Phys. Chem. Soc., 1929, 61, 1599. 
2 Michaelis, Annalen, 1896, 293, 222; Maecker, Inaug. Dissert. Rostock, 1893. 
3 Gundermann, Inaug. Dissert. Rostock, 1894. 
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forms large, glistening, white plates, M.pt. 143° C., soluble in the usual 

organic solvents, less soluble in ether. The potassiwm, ammonium, 

calcium, barium (4H,0), lead, copper and aniline salts are known. 
0-Tolylphosphinous acid,! 


CH, 
is a non-crystalline compound, but capable of yielding salts. Its 
calcium salt crystallises in glistening plates containing a molecule of 
water of crystallisation. 
m-Tolylphosphinous acid, 


CP SEPION), 
CH, 
is a syrup having similar properties to the preceding compound. 
p-Tolylphosphinous acid,? 


CH< —>-P(OH), 


Separates as transparent, quadratic plates, M.pt. 104° to 105° C., stable 
in air and partially oxidised to the corresponding phosphinic acid 
when boiled with nitric acid. Its copper salt crystallises with four 
molecules of water in blue plates. The ethyl ester is a clear liquid, 
B.pt. 280° C., formed by the action of sodium alcoholate on p-tolyl- 
dichlorophosphine, and water decomposes it into its components. The 
double compound with phenylhydrazine crystallises in fine needles, M.pt. 
161° C. 
p-Ethylphenylphosphinous acid,? 


CH< —»>-P(OH), 


readily crystallises from water and melts at 63° to 64° C., the phenyl- 
hydrazine salt melting at 133° C. 
p-Anisylphosphinous acid,‘ 


CH,O-<>-P(OH), 


yields thin, silky needles, M.pt. 112° C.; its lead salt crystallises in 
glistening satin scales and the phenylhydrazine salt in pearly plates, 
M.pt. 116°C. p-Phenetylphosphinous acid forms white, glistening plates, 
M.pt. 115° C. 

m-Xylylphosphinous acid,° 


CH,< — >-P(0H), 


| 
CH, 


1 Michaelis and Paneck, Annalen, 1882, 212, 223. 

2 Michaelis and Paneck, loc. cit.; Ber., 1880, 13, 653. 

3 Michaelis, Annalen, 1896, 293, 315; Lewschinski, Inaug. Dissert. Rostock, 1893. 
4 Michaelis, loc. cit., p. 258. 

5 Michaelis and Paneck, Annalen, 1882, 212, 237. 
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crystallises in colourless needles, M.pt. 97° to 98° C., soluble in alcohol. 
p-Xylylphosphinous acid has been isolated, but no details have been 


given.? 
Pseudocumylphosphinous acid,? 
| CH, 
| 
CH, P(OH), 


melts at 128° C. and forms crystals belonging to the rhombic system ; 
the phenylhydrazine salt separates as white, silky needles, M.pt. 180° C. 
Mesitylphosphinous acid forms white needles, M.pt. 147° C., stable in 
air, the phenylhydrazine salt giving plates, melting with decomposition 
atcl3270. 

Cumylphosphinous acid, 


CH-< —>-P(OH), 


is a thick oil, yielding a crystalline phenylhydrazine salt, M.pt. 161° C. 
Cymylphosphinous acid, 


C,H, 
| 


ey 
CH, 
is isolated as an oil, the bariwm salt of which crystallises with one 
molecule of water. 
a-Naphthylphosphinous acid,‘ 


-P(OH), 


ee. 


Mercury di-a-naphthyl and an excess of phosphorus trichloride are 
heated together in a sealed tube for three to five days at 180° to 200° C. 
The excess trichloride is then distilled off and the viscous residue 
treated with water and boiled until hydrogen chloride ceases to be 
evolved. A slight excess of sodium carbonate is then added and the 
solution filtered, the phosphinous acid being precipitated from the 
filtrate by acidifying. Purification is effected by recrystallisation from 
hot water, the insoluble product being di-a-naphthylphosphinous acid. 
a-Naphthylphosphinous acid forms small, warty groups of white needles, 
M.pt. 125° to 126° C., density 1-:377,5 very soluble in alcohol, less 
soluble in hot water, insoluble in dilute hydrochloric acid. When the 
acid is boiled with aqueous silver nitrate, metallic silver is deposited. 
Dibenzylphosphinous acid,® 


< >-CH,CH,< —_»>-P(OH), 


1 Weller, Ber., 1888, 21, 1492. 

2 Michaelis, Annalen, 1897, 294, 4; Rothe, Inaug. Dissert. Rostock, 1892; Uster, 
ibid., 1896. ; 

3 Hecker, zbid., 1893. * Kelbe, Ber., 1878, 11, 1499. 

5 Schroeder, Ber., 1879, 12, 561. § Michaelis, Annalen, 1901, 315, 50. 
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forms pearly plates, M.pt. 156° to 157° C., and yields well-crystallised 
salts. 
Diphenylmethanephosphinous acid,! 


é SSC EC ‘—-P(OH), 


is best crystallised from alcohol ; it melts at 84° C. It is very sparingly 
soluble in hot water. Its alcohol solution with an excess of sodium 
hydroxide yields the sodium salt as a thick, white precipitate. The 
potassium, ammonium, calcium, lead and barium salts are known, the 
last-named containing three molecules of water. The double salt with 
phenylhydrazine is sparingly soluble in water and melts at 171° C. 


Phenylphosphinic acid or Phosphenylic acid, 


<> room, 


may be isolated by several methods: (1) By treating the corresponding 
tetrahalides or oxyhalides with water : 2 


C,H,.PCl, +H,0 =C,H;.POCI, + 2HCl 
C,H,.POCI, +2H,0 =C,H;.PO(OH), + 2HCl 


(2) By treating the compound C,H,;.P =POH with nitric acid.*? (3) 
By the action of concentrated nitric acid on phosphobenzene, C,H;.P 
=P.C,H;; if dilute nitric acid be used only phenylphosphinous acid 
results. (4) The acid is formed when the sulphochloride, C,H;.PSCl,, 
is boiled for a prolonged period with water.° 

Phenylphosphinic acid crystallises in colourless, rhombic plates, 
M.pt. 158° C., density 1-475. At 250° C. it decomposes into benzene 
and metaphosphorie acid, but if slowly heated to 200° C. two molecules 
of acid combine with the elimination of a molecule of water, and at 
210° C. three molecules of acid lose two molecules of water. Heating 
with bromine and water in a sealed tube at 100° C. decomposes the 
acid, giving p-dibromobenzene, phosphoric acid and hydrogen bromide,’ 
whilst heating with soda lime yields benzene and phosphoric acid.® 
When dry phenylphosphinic acid is heated in a reflux apparatus with 
the oxychloride, C,H;.POCI,, phenylphosphinoxide results, C,H;.PO,.° 
Phenylphosphinic acid forms the following salts, the water of crystallisa- 
tion being indicated in brackets: potassium salt, sodium salt (12H,O), 
calcium salt (2H,O), zinc salt, copper salt, silver salt, iron salt (24H.Q) ; 
also acid salts of potassium, calcium and strontium. When the silver 
salt is heated under reflux with ethyl iodide, the diethyl ester results, 
C,H,;.PO(OC,H;),. It is a viscous liquid, B.pt. 267° C., having an 
odour resembling that of mustard oil, and is heavier than water, in 

1 Michaelis, Annalen, 1901, 315, 44. 

2 Michaelis and Mathais, Ber., 1874, 7, 1070; Mathais, Inaug. Dissert. Ziirich, 1875; 
Michaelis and KG6hler, Ber., 1876, 9, 519; Michaelis, Ber., 1873, 6, 816. 

3 Michaelis, Ber., 1875, 8, 499. 

4 Kohler and Michaelis, Ber., 1877, 10, 807. 

5 Kohler and Michaelis, Ber., 1876, 9, 1053. 

6 Schroeder, Ber., 1879, 12, 561. 

? Michaelis, Annalen, 1876, 181, 265. 
8 
9 


Michaelis and Benzinger, Ber., 1876, 9, 517. 
Michaelis and Rothe, Ber., 1892, 25, 1747. 
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which it is slightly soluble without decomposition.1 The corresponding 
dimethyl ester boils at 247° C.2 Decomposition of the tetrachloride, 
C,H,;.PCl,, by alcohol gives rise to a monoethyl ester, C,H;.PO(OH) 
(OC,H;), a liquid decomposed by water. If the tetrachloride be heated 
with phenol, hydrogen chloride is evolved and the diphenyl ester is 
formed : 3 


C,H,.PCl, +3C,H,OH =C,H;.PO(0OC,H,), + 3HCl + C,H,Cl 


This ester forms white needles, M.pt. 63-5° C., readily soluble in alcohol, 
ether or benzene, insoluble in water. It is decomposed by alcoholic 
sodium hydroxide, but not by the aqueous alkali. The diphenyl] ester 
also results when one molecular equivalent of the oxychloride, C,H;. 
POCI,, is treated with two equivalents of phenol, but the use of one 
equivalent of the latter leads to the production of an ester oxychloride, 
C,H;.POCI(OC,H;), which decomposes with water to form the corre- 
sponding acid, C,H;.PO(OH)(OC,H;). The latter compound crystallises 
in fine needles, M.pt. 57° C., readily soluble in alcohol, ether, benzene 
or alkali, sparingly soluble in water. Its ammonium salt is anhydrous 
and forms colourless needles ; the silver salt separates from hot water 
in silky, glistening needles. 
m-Nitrophenylphosphinic acid,‘ 


€ ‘-P0(OH), 
NOP 
Phenylphosphinic acid and fuming nitric acid in the proportion of 
1 to 7 parts are heated together in a sealed tube for several hours at 
100° to 105° C. and the reaction mixture then evaporated to dryness 
on the water-bath. The crude acid, after solution in water, is treated 
with pure barium carbonate, the mixture well shaken, filtered, and the 
residue washed with water until no barium ions are detected in the 
washings. The barium salt of the nitro-acid dissolves, whilst the barium 
salt of any unchanged phenylphosphinic acid remains behind. Evapora- 
tion of the filtrate yields yellow glistening plates of the barium salt, 
from which the free acid is liberated by sulphuric acid, the solution 
filtered and evaporated to dryness. Extraction of the residue with 
alcohol-free ether and removal of the solvent gives the free acid in 
white, concentric groups of needles, M.pt. 132° C., exploding above 
200° C., easily soluble in water, alcohol or ether, insoluble in benzene 
and deliquescent in air. A neutral barium salt and an acid barium 
salt are known, both containing two molecules of water; the calcium 
salt contains half a molecule of water, and the silver and lead salts . 
are anhydrous. 
m-Aminophenylphosphinic acid,® 


To. a 
rg? PO(OH), 
NH, 


' Michaelis and Kammerer, Ber., 1875, 8, 1306. 

Michaelis and Benzinger, Ber., 1875, 8, 1310. 

Michaelis and Kammerer, loc. cit.; Annalen, 1876, 181, 337. 

Michaelis and Benzinger, Ber., 1875, 8, 500, 1310; Annalen, 1877, 188, 276. 
Michaelis and Benzinger, loc. cit.; Ber., 1876, 9, 513. 
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occurs when the preceding nitro-acid is reduced by tin and hydrochloric 
acid. It crystallises from hot water in fine needles, melting with de- 
composition at 280° C. When a hot solution of the amino-acid in 
nitric acid is treated with nitrous acid, a diazonium nitrate is obtained ; 
this is deposited from water as white prisms, M.pt. 188° C., exploding 
at a higher temperature. At 130° C. the compound loses two mole- 
cules of water, and when heated with soda lime it yields aniline and 
phosphoric acid. It is a strong dibasic acid and forms two series of 
salts, of which the barium (8H,O) and silver salts are red, and the 
potassium (H,O) and lead salts are yellow. A sodiwm salt (83H,O) and 
a copper salt are known. 
p-Chlorophenylphosphinic acid,! 


eG » 
Clx PO(OH), 


This acid is prepared by treating the corresponding tetrachloride or 
oxychloride with water. It separates from water in silky needles, or 
from alcohol in quadratic plates, M.pt. 184° to 185° C. The acid 
barium salt crystallises in bushy needles, the acid silver salt in glistening 
plates, whilst the neutral silver salt is an amorphous powder, which 
readily darkens when exposed to the light. The dry acid, heated with 
the oxychloride in benzene solution, yields p-chlorophenylphosphin- 
oxide. 
m-Nitro-p-chlorophenylphosphinic acid,? 


Ce P00), 
ena 


NO, 


occurs when the preceding compound is nitrated by fuming nitric acid. 
It crystallises either in pale yellow glistening plates or in long needles, 
M.pt. 166° to 168° C., soluble in water, alcohol or ether, but insoluble 
in benzene. The alkali salts form yellow needles, readily soluble in 
water, whilst the alkaline earth salts are sparingly soluble. Reduction 
of the acid by tin and hydrochloric acid gives a 48 per cent. yield of 
the amino-acid, which melts with decomposition at 270° C. and becomes 
discoloured in air. 
p-Bromophenylphosphinic acid, 


Br-< \-P0(OH), 


forms long needles, M.pt. 202° C., above which temperature*it decom- 
poses into bromobenzene and phosphoric acid. Nitration yields 
m-nitro-p-bromophenylphosphinic acid, consisting of bright yellow 
plates, M.pt. 185° C., exploding on strong heating. An isomeric 
bromophenylphosphinic acid has also been obtained from the alumin- 
ium chloride residue obtained in the preparation of p-bromopheny]- 
phosphine; it melts at 265° C. and is distinguished from the para- 
bromo-derivative by its insolubility in ether. 


1 Michaelis, Annalen, 1896, 293, 228. 
2 Michaelis, Joc. cit.; Hifler, Inaug. Dissert. Rostock, 1894. 
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o-Tolylphosphinic acid,+ 


¢ »-PO(OH), 


| 
CH, 


prepared in the usual manner, forms small, granular crystals, M.pt. 
141° C., and when strongly heated is decomposed into toluene and 
phosphoric acid. The following salts are known: ammonium salt, 
acid barium salt (H,O), copper salt, lead salt and anilide, the last-named 
forming white needles, M.pt. 234° C. 

5-Nitro-o-tolylphosphinic acid, 


mes 
Wr ake 
ee PO(OH), 


GH, 


When the previous acid is evaporated on the water-bath with seven 
parts of fuming nitric acid, nitration takes place in the meta-position 
to the phosphorus. The nitro-acid forms pale yellow needles, M.pt. 
174° C., and is less soluble in water than the corresponding para- 
compound. The bariwm and calcium salts are yellow, microcrystalline 
powders. Reduction of the nitro-acid yields the amino-acid as brownish 
needles, softening at 280° to 300° C. and decomposing at higher tempera- 
tures ; the bariwm and calcium salts are reddish-brown powders. 
o-Carboxyphenylphosphinic acid, 


‘-PO(OH), 
COOH 


15 grams of o-tolylphosphinic acid in 1,500 c.c. of water are treated 
with 27-6 grams of potassium permanganate, added in small portions, 
and the whole maintained at 50° C. for ten weeks. The resulting 
product forms small, white needles, M.pt. 172° C., readily soluble in 
water or alcohol, insoluble in ether or benzene. The crystals sublime 
unchanged. A white sdlver salt is known, which is affected by light. 
Treatment of the acid with phosphorus pentachloride gives the acid 
chloride, C1ICO.C,H,.POCI,, a crystalline mass, M.pt. 54° C. 
5-Chloro-o-tolylphosphinic acid,’ 


is obtained by direct chlorination of o-tolylphosphinic acid at the 
ordinary temperature. It forms small, compact crystals from dilute 
alcohol, M.pt. 205° C., readily soluble in water but reprecipitated by 
hydrochloric acid. Strong heating decomposes the acid, yielding 
p-chlorotoluene, which proves the constitution. Prolonged chlorination 
gives rise to a dichloro-o-tolylphosphinic acid, M.pt. 240° C. 


1 Michaelis and Paneck, Annalen, 1882, 212, 232; Michaelis, ibid., 1896, 293, 294. 
2 Michaelis, loc. cit. 
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m-Tolylphosphinic acid,! 


ne 008 


CH, 


crystallises as white, glistening needles, M.pt. 116° to 117° C., easily. 

soluble in water, alcohol or ether. It forms two series of potassium 

and silver salts, also a neutral barium salt. 
6-Chloro-m-tolylphosphinic acid, 


Cl 
| 


< _ >-PO(OH), 


CH, 


occurs when chlorine is passed for twenty minutes into an aqueous 
solution of m-tolylphosphinic acid. It forms white, feathery needles, 
M.pt. 176° C., above which temperature it decomposes into phosphoric 
acid and p-chlorotoluene, the formation of the latter compound proving 
the position of the chlorine in the ring. The neutral silver salt of the 
acid is a crystalline body, unaffected by light. 
2:5:6-Trichloro-m-tolylphosphinic acid, 


cl ol 
ae 
< y PO(OH), 
H,C Ol 


When the preceding chloro-acid in aqueous solution is chlorinated for 
three hours, the trichloro-acid is isolated in plates or needles, M.pt. 
220° C. It sublimes above its melting-point and the crystals thus 
obtained separate from methyl alcohol as long, colourless needles, 
M.pt. 82° C. When decomposed, the trichloro-acid yields 2:4: 5- 
trichlorotoluene, which proves its composition. The silver salt is a 
white powder, somewhat affected by light. 
6-Bromo-m-tolylphosphinic acid, 


Br 
ey 
4 S-PO(OH), 
CH, 


occurs as white needles, M.pt. 198° C., when one molecular equivalent of 
bromine reacts with one equivalent of m-tolylphosphinic acid in aqueous 
solution. The silver salt is a white, amorphous powder. When the 
acid is heated above its melting-point it yields p-bromotoluene and 
metaphosphorie acid. 

m-Carboxyphenylphosphinic acid, 


Pe 
< »-PO(0H), 
COOH 


obtained by the oxidation of m-tolylphosphinic acid with alkaline 
potassium permanganate at 50° C. during a period of ten days, crystallises 


1 Michaelis, Annalen, 1896, 293, 305. 
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in white needles, M.pt. 245° to 246° C. When heated above its melting- 
point it yields benzoic acid. The neutral silver salt is a white, caseous 
precipitate, unaffected by light; the lead and barium salts are white 
flocculent precipitates. Phosphorus pentachloride converts the acid 
into the acid chloride, CICO.C,H,.POCI,, a white crystalline mass, 
M.pt. 61° C., B.pt. above 360° C. 

p-Tolylphosphinic acid,! 


CH \-Paon: 


is obtained by treating the corresponding tetrachloride with water. 
It separates from the latter solvent as matted, woolly needles, M.pt. 
189° C., readily soluble in alcohol or ether. It is a strong dibasic acid, 
forming three series of salts: (a) containing acid of crystallisation, 
(b) acid salts, (c) neutral salts. The following are known: potassium 
salt, C,H,.PO(OH)(OK).C,H,.PO(OH),, glistening, colourless needles ; 
acid barium salt, |C,H,.PO(OH)O],Ba, isolated as a glistening, crystalline 
precipitate ; acid calcium salt, similar to the barium salt ; acid silver salt, 
C,H,.PO(OH)(OAg), white crystalline plates; and neutral silver salt, 
C,H,.PO(OAg),, a white, caseous precipitate. When an aqueous 
solution of the acid is warmed with bromine it decomposes as follows :— 


C,H,.PO(OH), + Br, + H,O =C,H,Br + PO(OH), + HBr 
3-Chloro-p-tolylphosphinic acid,? 


CH,< ~*~ >-PO(OH), 


Cl 


occurs when the corresponding oxychloride is treated with water. It 
forms pearly plates, M.pt. 190° C., readily soluble in hot aleohol. When 
heated with bromine and water it yields o-chloro-p-bromotoluene. It 
forms an acid anilide, M.pt. 216° C., and silver and acid barium salts 
are known. 

3-Chloro-p-carboxyphenylphosphinic acid, 


cooH<  »>-PO(OH), 
Cl 
is prepared by oxidising the previous compound with alkaline per- 
manganate solution at 50° to 60° C. It forms rhombic plates, M.pt. 
254° C. Nitration with seven parts of fuming nitric acid gives a 
mononitro-acid, consisting of yellowish plates, M.pt. 200° C., above 


which temperature it explodes. 
3-Nitro-p-tolylphosphinic acid,? 


CHy<  >-PO(OH), 


NO, 


1 Michaelis and Paneck, Ber., 1880, 13, 653; Annalen, 1882, 212, 225; Michaelis and . 
‘Lange, Ber., 1875, 8, 1313; Michaelis, Ber., 1879, 12, 1009. 

2 Melchiker, Ber., 1898, 31, 2915; Chem. Zentr., 1899, i, 129. 

§ Michaelis, Annalen, 1896, 293, 270; Piper, Inaug. Dissert. Rostock, 1893. 
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One part of p-tolylphosphinic acid and seven parts of fuming nitric 
acid are heated together on the water-bath for two hours, then evapor- 
ated to dryness and the residue treated with water, the nitrated acid 
going into solution. The acid is best purified by means of its barium 
salt, pale yellow, stellate groups of needles being obtained, M.pt. 191° C. 
The compound explodes when heated above its melting-point. The 
following salts are known: barium salt, C,H,(NO,)PO,Ba.2H,0, 
yellow plates; calcium salt, C,H,(NO,)PO,Ca.H,O, a pale yellow 
powder ; lead, copper and silver salts, amorphous powders, the last- 
named being affected by light. When the silver salt is heated under 
reflux with ethyl iodide, the diethyl ester, C,H,(NO,)PO(OC,H;)., is 
produced ; this product has a faint pungent odour resembling that of 
mustard oil, and cannot be distilled without decomposition. 
3-Amino-p-tolylphosphinic acid, 


eet 
CH,-< | _>-PO(OH), 
NH 


Reduction of 120 grams of the previous compound with zinc and 
hydrochloric acid gives only five grams of the pure amino-acid. The 
acid forms white, glistening needles, rapidly affected by air and de- 
composing at about 290° C. The silver salt is a white powder, sensitive 
to light ; the lead salt is a yellow, amorphous powder, and the diethyl 
ester an undistillable liquid, having a mustard oil odour. 

3 :5-Dinitro-p-tolyliphosphinic acid, 


a 


CH, _PO(OH), 
a 
NO, 
One part of p-tolylphosphinic acid, five parts of concentrated nitric 
acid and seven parts of fuming nitric acid are heated together for three 
hours on a water-bath, then poured into a large volume of water. The 
dinitro-acid is extracted from the solution by ether, from which solvent 
it erystallises in yellow plates, M.pt. 251° C., exploding on rapid heating. 
The barium salt crystallises with two molecules of water, the first of 
which is eliminated at 110° C. and the second with difficulty at 180° C. ; 
the lead salt is a yellow, amorphous powder. 
4-Carboxyphenylphosphinic acid, 


2 HOOC< ‘-PO(OH), 
occurs when p-tolylphosphinic acid is oxidised by alkaline potassium 
permanganate solution at 50° C., the process taking several days for 
completion. The potassium salt thus isolated is evaporated at 50° C. 
with concentrated hydrochloric acid to obtain the free acid. The acid 
erystallises from hydrochloric acid in plates and from water in needles. 
The melting-point is above 300° C., strong heating causing decom- 
position with formation of benzoic acid, phosphoric acid and carbon. 
Unlike p-tolylphosphinic acid, this acid is not attacked by bromine 
in the presence of water at 130° C. The following salts are known : 


1 Michaelis and Paneck, Ber., 1881, 14, 405; Michaelis, loc. cit. 
WAO is 0: G ae 8 IB 
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acid calcium salt, [COOH.C,H,.PO(OH)O],Ca, which on heating yields 
benzoic acid and calcium phosphate, showing that the calcium is not 
bound to the acid residue; copper salt, Cu,[OCO.C,H,.PO;]|,.1$H,O, 
a pale blue crystalline precipitate ; silver salt, AgOCO.C,H,.PO(OAg), ; 
potassium salt, KOCO.C,H,.PO(OH),, fine needles, soluble in water, 
sparingly soluble in alcohol. When the foregoing potassium salt is 
heated with acetic acid, or hydrochloric acid is added to its aqueous 
solution, a sparingly soluble potassium salt, KOCO.C,H,.PO(OH),. 
HOCO.C,H,.PO(OH),, separates in bushy columns ; the corresponding 
sodium salt is non-crystalline. Barium and ferric chlorides give pre- 
cipitates with the free acid. When the silver salt is refluxed with 
methyl iodide, the methyl ester, CH,0CO.C,H,.PO(OCH)., is obtained 
as a liquid which cannot be distilled without some decomposition. 
When finely powdered p-carboxyphenylphosphinic acid dissolved in 
absolute alcohol is saturated with dry hydrogen chloride, an acid 
ethyl ester is formed, C,H,OCO.C,H,.PO(OH),, together with some 
neutral ester. After removing the solvent, the liquid is dried and 
stirred until it solidifies. This mixture of esters is then dissolved in 
water and shaken with silver nitrate, the resulting curdy precipitate 
being washed, suspended in distilled water, dissolved by adding the 
minimum amount of nitric acid and the silver removed by the addition 
of hydrochloric acid. The filtrate is evaporated, when the acid ethyl 
ester separates in needles, M.pt. 78° C., readily soluble in water or 
- alcohol. The acid silver salt of this ester, C,H;,O0CO.C,H,.PO(OH)(OAg), 
crystallises in snow-white crystalline spangles. p-Carboxypheny]- 
phosphinic acid also yields an acid chloride, CICO.C,H,.POCI,, when 
treated with phosphorus pentachloride. This melts at 88° C. and 
boils at 815° C. It is decomposed by hot water, giving the free acid, 
by ammonium hydroxide, forming the amide, and by alcohol, yielding 
a mixture of neutral and acid esters. Phosphorus pentachloride at 
200° C. removes the phosphorus as follows :— 


CICO.C,H,.POCI, + PCl; = CIC ,H,.COCI + POC], + PCI, 
p-Ethylphenylphosphinic acid,! 


CH.< _»>-PO(OH), 


forms white, glistening, matted needles, M.pt. 164° C., easily soluble 
in alcohol, ether or hot water, insoluble in benzene. It forms an 
acid ammonium salt, a phenylhydrazine salt, a potassium salt, CgHg. 
PO,HK.C,H,.PO,H,, a barium salt, Cs,H .PO,Ba.3H,O, a copper 
salt, crystallising with a molecule of water, and a white silver salt. 
Oxidation of the acid by potassium permanganate yields 4-carboxy- 
phenylphosphinic acid. 

Cymylphosphinic acid or Methylisopropylphenylphosphinic acid,? 


C3H, Oe 
yi S=PO(OH), |) ora tae \-PO(OH), 
| 
CH, CH, 


is a liquid forming two silver salts, Cjy)H,,PO,;HAg and C,,H,,PO,;Ag,, | 
* Michaelis, Annalen, 1896, 293, 317. 2 Michaelis, Annalen, 1897, 294, 54, 
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also a phenylhydrazine salt, M.pt. 156° C., which crystallises in warty 
plates. Oxidation by alkaline potassium permanganate yields methyl- 
oxyisopropylphenylphosphinic acid, CH;.C,H,[C(OH)(CH;),|PO(OH),, 
as an oil. 

Cumylphosphinic acid, 


GH,<  >-PO(OH), 


crystallises from carbon disulphide in small needles, and from cumene 
in small rhombic crystals, M.pt. 189° C., readily soluble in water, 
less soluble in alcohol or ether. The barium salt is a white, crystalline 
powder ; the silver salt is readily decomposed and is affected by light ; 
the phenylhydrazine salt forms pale yellow plates, M.pt. 172° C., moder- 
ately soluble in water, alcohol or ether. The acid also forms a stable, 
golden-yellow salt with aminoazobenzene, which crystallises in plates, 
M.pt. 185° C. When 4 grams of cumylphosphinic acid are oxidised 
with 2 grams of potassium permanganate, oxyisopropylphenylphos- 
phinic acid is formed, (CH,),C(OH)C,H,.PO(OH),; this is an oil, 
soluble in ether, alcohol or water, insoluble in dilute hydrochloric acid ; 
when heated at 105° to 120° C. it decomposes, yielding a white powder, 
analysis of which agrees with the composition of allylphenylphosphinic 
acid, C,H,;.C,H,.PO(OH),. 
Benzylphosphinic acid,+ 


< _>-CH,.PO(OH), 


10 grams of phosphonium iodide and 5 grams of benzaldehyde are 
digested together at 100° C. for four to five hours, phosphine and hydro- 
gen iodide being evolved. When the brown reaction product is warmed 
with water, a white crystalline mass results, consisting of a mixture 
of dibenzylphosphinic acid and tribenzylphosphine oxide, and benzyl- 
phosphinic acid remains in solution. The crude product from the 
solution crystallises from acetic acid in shining, stellate groups of 
prisms, M.pt. 169° C., soluble in alkalis, but insoluble in the usual 
organic solvents. It turns blue litmus red, liberates carbon dioxide 
from carbonates, and forms a silver salt, C,H,.PO,Ag,. Nitration of 
the acid gives a nitro-acid, probably 3-nitrobenzylphosphinic acid, 
NO,.C,H,.CH,.PO(OH),, which crystallises in shining yellow needles, 
melting at about 217° C. 
p-Anisylphosphinic acid,’ 


CH,O-< _>-PO(OH), 


forms large, rhombic crystals, M.pt. 158° C., fairly soluble in water 
or alcohol, insoluble in ether. The potassiwm salt separates in plates 
containing four molecules of water; the bariwm and silver salts are 
white, and the iron salt, (CH,0.C,H,.PO;),Fe,.3H,O, is a yellow amor- 
phous powder. 

3-Nitro-4-methoxyphenylphosphinic acid, 


oo ih e00u) 


NO, 


1 Litthauer, Ber., 1889, 22, 2144. 2 Michaelis, Annalen, 1896, 293, 251. 
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probably represents the structure of the acid formed when the preceding 
compound is nitrated. It forms colourless, matted needles, M.pt. 187° C., 
exploding at higher temperatures. The acid barium salt, [(CH;0) 
NO,.C,H3.PO,H]|,Ba.3H,0, yields yellow, rhombic crystals ; the copper 
salt is a greenish-blue powder, and the basic cobalt salt, (CH,0)NO,. 
C,H,.PO,Co,0, is a reddish-brown powder. 

p-Phenetylphosphinic acid, 

C,H,0-< \-P0(0H), 

forms white needles, M.pt. 165° C., readily soluble in alcohol or water, 
and giving a white silver salt. 

m-Xylylphosphinic acid or 2: 4-Dimethylphenylphosphinic acid,* 

Co | ‘-PO(OH), 
CH, 

This compound is obtained from the corresponding tetrachloride, the 
latter being isolated from m-xylyldichlorophosphine, derived from the 
products of reaction between m-xylene, phosphorus trichloride and 
aluminium chloride. The acid is said to give two distinct crops of 
crystals, M.pts. 194° C. and 161° C., designated a and § respectively. 
If this statement be correct, the foregoing Friedel-Crafts reaction gives 
rise simultaneously to 1:2: 4- and 1:3: 5-xylyldichlorophosphines, the 
1:2: 4-compound being designated a and the 1 :3 : 5-derivative designated 
8B. The 2: 4-dimethyl-compound crystallises in white needles, M.pt. 
194° C., readily soluble in hot water or alcohol, sparingly soluble in 
ether. Heating with alkali gives m-xylene and phosphoric acid. The 
barium, cadmium and nickel salts all crystallise with one molecule of 
water, whilst the silver salt is anhydrous. Nitration of the acids yields 
two nitro-acids, one melting at 182° C. and sparingly soluble, the second 
melting at 107° C. and readily soluble in the usual solvents. 

2 (or 4)-Carboxy -4 (or 2)-methylphenylphosphinic acid, 


HooC< \PO(OH), or CH,-< _>-PO(OH), 
CH 


| 
; COOH 


occurs when the preceding acid is oxidised at 50° to 60° C. with 
the requisite quantity of alkaline permanganate. It forms colourless 
prisms, M.pt. 262° C., further heating giving phosphoric and toluic 
acids. The acid is tribasic, and its salts are difficult to purify. Phos- 
phorus pentachloride converts it into an acid chloride, C1ICO.C,H,(CH;) 
POCI,, a viscous liquid, faintly fuming in air and boiling at 310° C. 

3 : 5-Dimethylphenylphosphinic acid, 


CH, 
| 


< _>-PO(oH), 
CH, 
is obtained as described under m-xylylphosphinic acid. It crystallises 
in plates or needles, M.pt. 161° C., more readily soluble in water than 
its isomeride. The nitro-acid melts at 107° C., and is difficult to purify. 
Oxidation gives 3 (or 5)-carboxy-5 (or 3)-methylphenylphosphinic acid, 
1 Weller, Ber., 1887, 20, 1718; 1888, 21, 1492. 
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melting at 220° C., the acid chloride of which is a viscous oil, B.pt. 
249° C. at 147 mm. 
p-Xylylphosphinic acid,* 


CH, 
AS 

as > PO(OH), 
CH, 


forms colourless needles, M.pt. 179° to 180° C., moderately soluble in 
water, readily soluble in alcohol. When heated above its melting- 
point it is decomposed into p-xylene and phosphoric acid. The acid 
potassium salt, (CH;),.C,.H,.PO,HK, and the bariwm salt, (CH3),C,Hs. 
PO,Ba, both form white, pearly plates. Nitration yields a mononitro- 
acid, consisting of colourless needles, M.pt. 224° C., exploding on strong 
heating. 
2 (or 5)-Carboxy-5 (or 2)-methylphenylphosphinic acid, 


CH, COOH 
| 
g \_PO(OH 2) > BOIOn 
| ee ( Jo or S ; ( Je 
COOH CH, 


occurs when the preceding compound is oxidised by alkaline perman- 
ganate. It forms slender yellow needles, M.pt. 278° C., heating above 
this temperature causing decomposition into p-toluic and phosphoric 
acids. Phosphorus pentachoride converts it into the acid chloride, 
(CICO.C,.H,.CH,)POCI,, a colourless, crystalline mass, fuming in air. 
Pseudocumylphosphinic acid or 2:4: 5-Trimethylphenyl- 
phosphinic acid,? 
ja 
ES 
CH,- —PO(OH), 
ae, 
CH, 
Decomposition of the corresponding tetrachloride by water yields 
the acid as white, glistening plates or long, colourless needles, M.pt. - 
212° C., readily soluble in hot water or dilute alcohol, insoluble in 
benzene. Bromine in the presence of water gives phosphoric acid 
and tribromopseudocumene, while chlorine has a similar action, except 
that traces of the chloro-acid (vide infra) also occur. The acid 
potassium salt, CoH,,.PO,HK, forms white, matted needles; the acid 
barium salt, (CgH,,.PO,H),Ba, crystallises in glistening needles ; the 
acid nickel salt, (CyH,,.PO,H).Ni.4H,O, separates as bright green, 
glistening plates ; and the neutral silver salt, CjH,,.PO3,Agz, is a white, 
caseous precipitate. 
6-Chloro-2 : 4: 5-trimethylphenylphosphinic acid, 


CH, Cl 
| 


CH,< _>-PO(OH), 


CH, 


1 Michaelis and Paneck, Annalen, 1882, 212, 238; Ber., 1880, 13, 653; Weller, Ber., 
1888, 21, 1492. 

2 Michaelis, Annalen, 1897, 294, 7; Rothe, Inaug. Dissert. Rostock, 1892; Uster, Inaug. 
Dissert. Rostock, 1896. » 
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The preceding acid in acetic acid solution is chlorinated until a test 
portion does not give a clear solution in sodium hydroxide, this indicating 
that decomposition is taking place into phosphoric acid and chlorinated 
pseudocumene. The solution is then evaporated to dryness, the 
residue treated with ammonium hydroxide, the liquid filtered and the 
acid precipitated from the filtrate by the addition of hydrochloric acid. 
Recrystallisation from alcohol and then acetic acid gives white needles, 
M.pt. 235° C., readily soluble in alcohol, ether or boiling acetic acid, 
sparingly soluble in boiling water. The acid phenylhydrazine salt 
forms small needles from alcohol, M.pt. 197-5° C. 
6-Chloro-3-nitro-2 : 4: 5-trimethylphenylphosphinic acid, 


occurs when the preceding compound is added to strongly cooled 
fuming nitric acid and the solution poured into water. After filtering 
and saturating the solution with ammonia, lead acetate is added to 
precipitate the lead salt. This is filtered off, washed with cold water, 
suspended in alcohol slightly acidified with hydrochloric acid, and 
treated with hydrogen sulphide. The lead sulphide is removed, the 
filtrate evaporated to dryness and the residue recrystallised from cold 
water. Long flat needles of the acid are deposited, M.pt. 227° to 
228° C., exploding on rapid heating and readily dissolving in the usual 
organic solvents. 
3 : 6-Dinitro-2 : 4 : 5-trimethylphenylphosphinic acid, 
CH; NO, 


| 
CH,- PO(OH 
ade (OH), 
NO, CH, 
Pseudocumylphosphinic acid is dissolved in cold fuming nitric acid ; 
a violent reaction occurs, and after twelve hours the excess of nitric 
acid is evaporated off and the residue recrystallised from hot water. 
The dinitro-acid forms small white crystals melting with decomposition 
at 239° C., readily soluble in alcohol or ether, hot acetic acid or boiling 
chloroform, whilst the solution in ammonium hydroxide is very deep 
yellow. The acid is dibasic, and its salts, which are as follows, are 
not decomposed by dilute acetic acid: acid phenylhydrazine salt, 
small needles, M.pt. 240° C.; acrd anilide, glistening white needles, 
M.pt. 273° C. with decomposition ; copper salt, CgH,(NO,.),.PO,Cu.H,O, 
small greenish needles; s¢lver salt, CyH ,(NO,),.PO3,Ag.,, colourless 
needles, soon darkening in air; acid silver salt, CgH,(NO,),PO,HAg, 
small white plates. : 
5-Carboxy-2 : 4-dimethylphenylphosphinic acid, 
COOH 


on <>-P(OH, 
CH 


One molecular proportion of pseudocumylphosphinic acid is partially 
oxidised by two molecular proportions of potassium permanganate 
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when the mixture is heated at 60° to 70° C. for twenty-four hours. 
The product is a white, spongy powder, M.pt. 258° C., soluble in alcohol, 
but sparingly soluble in cold water. When strongly heated it 
decomposes, yielding phosphoric acid and dimethylbenzoic acid 
ie OOM Ci Cll: 2:4). M pt. 126° C:, which proves. the 
structure of the phosphinic acid. The szlver salt is a white powder, 
sensitive to light. 
2 : 5-Dicarboxy-4-methylphenylphosphinic acid, 


COOH 
| 
CH,-< -PO(OH), 
COOH 


occurs when four molecular proportions of permanganate are used in 
the preceding preparation. The acid produced is a very hygroscopic 
yellow powder, M.pt. 185° to 190° C., and probably has the structure 
indicated. 

Mesitylphosphinic acid, 


CH, 
| 

CH,<  >-PO(OH); 
a 
CH, 


forms long transparent needles, M.pt. 167° C., sparingly soluble in 
cold water. When heated above its melting-point the acid gives 
phosphoric acid and mesitylene. It yields the following salts : ammon- 
ium salt, C,H,,.PO,H(NH,), fine, four-sided needles; barium salt, 
small needles ; silver salt, white plates ; nickel salt, large green crystals 
containing eight molecules of water. 

6-Carboxy-2 :4-dimethylphenylphosphinic acid, 


occurs as a white, amorphous powder, melting with decomposition at 
245° C., readily soluble in alcohol, insoluble in ether. When heated 
above its melting-point it yields phosphoric acid and mesitylenic acid, 
M.pt. 166° C. The silver salt, (CH;),(COOAg)C,H,.PO(OAg),, is 
white and affected by light. The above composition is assigned to the 
acid since the methyl group in the para-position to the phosphinic 
grouping does not appear to be oxidised before the other methyl groups 
in the ring judging from the case of pseudocumylphosphinic acid, 


p. 217.2 
2 : 6-Dicarboxy -4-methylphenylphosphinic acid, 
COOH 
CH, ‘-P0(OH) 
a 2 
COOH 


sinters at 215° C. and melts at 255° C. It is a hygroscopic powder, 
giving phosphoric and uvitic acids on strong heating. The silver salt 


is a stable, white powder. 
1 Author. 
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a-Naphthylphosphinic acid,! 


5 
‘ POOH), 


paves’ 


is obtained by heating mercury di-a-naphthyl and phosphorus tri- 
chloride together at 200° C., or by hydrolysis of the corresponding 
tetrachloride. In the first method the melt, after filtering and treating 
with chlorine, is decomposed by water. The acid forms bushy needles, 
M.pt. 190° C., density 1-485,° yielding naphthalene and metaphosphoric 
acid on strong heating. The silver salt is soluble in ammonia and nitric 
acid. 
Diphenylmethanephosphinic acid,* 


Cc »>-PO(OH), 


forms long, colourless needles, M.pt. 196° C., heating above this tempera- 
ture giving diphenylmethane and metaphosphoric acid. The following 
salts are known: potassium salt, ammonium salt, barium salt (H,O), 
cobalt salt (4H,O), copper salt, lead salt, silver salt and phenylhydrazine 
salt, M.pt. 187° C. Oxidation with permanganate gives the following 
derivative. 

Benzophenonephosphinic acid, 


<0 000, 


occurs when the preceding compound is treated with alkaline potassium 
permanganate at 50° C. for ten days. It separates in pearly plates, 
M.pt. 204° C., readily soluble in alcohol, insoluble in water. Having 
ketonic as well as acidic properties, the acid forms a compound with 
phenylhydrazine, consisting of white plates, M.pt. 124° C. The ethyl 
ester iS a viscous yellow oil, and forms an oavime. Silver, ammonium 
and lead salts are known. All these derivatives when strongly heated 
yield benzophenone and metaphosphoriec acid. Phosphorus penta- 
chloride reacts with the acid as follows :— 


C,H;.CO.C,H,.PO(OH), +8PCI, =C,H;.C(Cl,).C,H,.POCI, 
+8POCl, + 2HCl 


The oxychlorophosphine thus obtained forms a white, crystalline mass, 

M.pt. 64° C., B.pt. 258° C. at 15 mm., which soon decomposes in the 

air, and when gently warmed with water gives benzophenonephosphinic 

acid, the carbon-bound chlorine atoms being replaced by oxygen. 
Dibenzylphosphinic acid,° 


g >—CH,.CH,—C ‘-PO(OH), 


forms colourless plates, M.pt. 256° C., decomposing in the usual manner 


1 Kelbe, Ber., 1876, 9, 1051. 

* Lindner and Strecker, Monatsh., 1929, 53 and 54, 274. 
3 Schroeder, Ber., 1879, 12, 561. 
4 
5 


Michaelis, Annalen, 1901, 315, 45; Giisewell, Inaug. Dissert. Rostock, 1895. 
Michaelis, Annalen, 1901, 315, 50. 
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on heating and forming benzoic acid and p-carboxyphenylphosphinic 
acid on oxidation: 


C,H;.CH,.CH,.C,H,.PO(OH), +50 =C,H,;COOH 
+ COOH.C,H,.PO(OH), +H,0 


Diphenylphosphinic acid,! 


10008 -< 


This acid is most readily produced by dissolving diphenylchloro- 
phosphine in hydrochloric acid and boiling the solution with nitric acid. 
From hot concentrated nitric acid it crystallises in long, hair-like, 
snow-white needles, melting at about 190° C., density 1-331; it also 
dissolves in alcohol, but is insoluble in water. The silver salt forms white 
silky needles from water. 

Sota Pern odinhersiphosptinic acid,? 


ess aan 
2 NO, 


occurs when “ mixed acid” reacts with diphenylphosphinic acid. 
The product is a yellow, amorphous powder, M.pt. 268° C., only sparingly 
soluble in the usual solvents. The ammonium salt forms small yellow 
columns, M.pt. 260° C., whilst the potassium, barium (6H,O), silver 
and lead salts are also known. Reduction of the acid by tin and hydro- 
chloric acid yields 3 : 3’-diaminodiphenylphosphinic acid, consisting of 
small brown crystals decomposing at 276° C. 
Di-p-tolylphosphinic acid,‘ 


Vee ea 2 < 
CHs-< :—P0(0H) Os 


When the corresponding trichloride is treated with water this acid is 
produced, and crystallises from dilute alcohol as fine, colourless needles, 
M.pt. 135° C. The bariwm, lead, copper, silver and phenylhydrazine 
salts are known. Nitration in the usual manner yields 3 : 3’-dinitro- 


4: 4'-dimethyldiphenylphosphinic acid, 


em en (OH)—< — CH, 


NO, 


forming fine, yellow needles, M.pt. 194° C., ae soluble in alcohol 
or ether, insoluble in water, and giving a white silver salt. Oxidation 
of di-p-tolylphosphinic acid with the requisite amount of alkaline 
potassium permanganate solution produces 4-methyl-4'-carboxydiphenyl- 


phosphinic acid, 
CH,-< >—PO(0H)—<__>-COOH 


a white crystalline powder, melting above 300° C. 


1 Michaelis and Graeff, Ber., 1875, 8, 1304; Michaelis, Ber., 1877, 10, 627; Michaelis 
and Link, Annalen, 1881, 207, 193. 

2 Schroeder, Ber., 1879, 12, 561. 

3 Dorken, Ber., 1888, 21, 1505. 

4 Michaelis, Annalen, 1901, 315, 63. 
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Di-p-tolylthiophosphinic acid,! 


CH PSH > CH, 


The free acid is unknown, but by heating the corresponding phosphine 
with water in a sealed tube at 130° to 140° C., a sulphowide results, 
[(C,H,),PS],0. This separates as glistening crystals, M.pt. 165° to 
166° C., sparingly soluble in cold alcohol, readily soluble in hot alcohol 
or ether, sparingly soluble in water, insoluble in sodium or ammonium 
hydroxide. When heated with water at 180° to 190° C., hydrogen 
sulphide is evolved and di-p-tolylphosphinic acid results. The follow- 
ing derivatives of di-p-tolylthiophosphinie acid are known: amide, 
(C,H,),.PS.NH,, a microcrystalline powder, M.pt. 139° C.; anilide, 
(C,H,),PS.NHC,H,, fine, matted needles, M.pt. 152° C.; phenyl- 
hydrazide, (C,H,),PS.NH.NHC,H,;, fine needles, M.pt. 185-5° C.; 
piperidide, (C,H,),PS.NC,;H 49, long needles, M.pt. 184° C.; diethylamide, 
(C,H,).PS.N(C,H;)., hard compact crystals, M.pt. 177° to 178° C.; 
ethyl ester, (C,H,),PS.OC,H,, M.pt. 41° to 42° C.; phenyl ester, 
(C,H,),.PS.OC,H;, small crystals, M.pt. 135° C. 
Di(p-ethylphenyl)phosphinic acid,? 


CH< POOH} > OH, 


occurs as a by-product in the preparation of p-ethylphenyldichloro- 

phosphine by the Friedel-Crafts reaction. It is a pale yellow oil, isolated 

by decomposing its copper salt with concentrated hydrochloric acid. 
Dibenzylphosphinic acid,? 


< __)—OH;-PO(OH).CH,—< S 


The formation of this acid has already been described under benzyl- 
‘phosphinic acid, p. 115, the white crystalline mass mentioned in that 
preparation being extracted with potassium hydroxide and precipitated 
with hydrochloric acid. From hot alcohol it crystallises in shining 
scales, M.pt. 191° C., readily soluble in hot nitric acid, not very soluble 
in the usual solvents. It is only a feeble acid, as it does not turn blue 
litmus red or liberate carbon dioxide from carbonates. The potassiwm 
and silver salts are known, the latter reacting with methyl iodide to 
form the methyl ester, consisting of bushy, silky prisms, M.pt. 75° C. 
Nitration produces 4 : 4’-dinitrodibenzylphosphinic acid, forming colour- 
less needles, M.pt. 225° to 226° C.4 
Dipseudocumylphosphinic acid, 


CH, CH, 
| | 
CH >—PO(OH)—< + -CH, 

CH, CH, 


is present in the residues obtained in the preparation of pseudocumy]l- 
dichlorophosphine, p. 85, and is extracted by petroleum ether. The 


1 Michaelis, Annalen, 1901, 315, 66. 2 Michaelis, Annalen, 1896, 293, 220. 

3 Litthauer, Ber., 1889, 22, 2144. 

4 Challenger and Peters, J. Chem. Soc., 1929, p. 2610. 

5 Michaelis, Annalen, 1897, 294, 25; Rothe, Inaug. Dissert. Rostock, 1892; Uster, 
ibid., 1896. 
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extract is decomposed by water, and the resin obtained is heated under 
reflux with alcohol and the liquid filtered. The faint yellow filtrate 
gives crystals which on purification form strongly refractive crystals 
of the monoclinic system, M.pt. 202° to 208° C., soluble in hot alcohol, 
acetic acid or boiling benzene, insoluble in water. Bromine in the 
presence of water decomposes the acid into tribromopseudocumene 
and orthophosphoric acid. The following salts are known: potassiwm 
salt (H,O), glistening matted needles ; ammonium salt (2H,O), white 
needles ; barium salt (6H,O); lead salt, white precipitate ; acid and 
neutral silver salis, white precipitates; copper salt (10H,O), bright 
blue powder; nickel salt (10H,O), bright green powder; cobalt salt, 
a dark ultramarine-blue powder. Oxidation of dipseudocumyl- 
phosphinic acid (1 mol.) with 4 equivalents of potassium per- 
manganate yields a  dt-carboxydimethyldiphenylphosphinic acid, 
(C,H,.COOH),PO(OH), a white, powdery mass, M.pt. 185° C., 
sparingly soluble in boiling water, readily soluble in alcohol, and 
giving a silver salt as a light, stable powder. 
Dicumylphosphinic acid, 


Gc POOH) GE, 


is a white powder, which turns brown on heating and is easily soluble 
in alcohol or ether, insoluble in water. The copper salt is a pale blue 
powder. 

Di-a-naphthylphosphinic acid,} 


een 


This acid occurs to some extent in the preparation of a-naphthy]- 
phosphinic acid (p. 120), and it may also be obtained from the latter 
by boiling with water. It crystallises in colourless warty groups of 
needles, M.pt. 202° to 204° C. It liberates carbon dioxide from 
carbonates and may be precipitated from alkaline solution by the 
addition of acids. 

Dicamphorylphosphinic acid,? 


CH—PO(OH)—CH 
CoH | om. 
CO CO 


To the sodium camphor obtained by the solution of 75 grams of camphor 
and 7-5 grams of sodium in 200 c.c. of toluene, 29 grams of phosphorus 
trichloride diluted with twice its own volume of toluene are slowly added 
with shaking. Heat is developed and the mass at first partially solidifies, 
then becoming mobile again, after which it is allowed to stand for one 
hour. It is then heated gently for thirty minutes and left overnight at 
room temperature. Water (30 c.c.) is added to the cooled reaction 
mixture and the aqueous layer separated off. The toluene layer is 
extracted with 2N sodium hydroxide solution, and the cooled alkaline 
extract acidified with 2N hydrochloric acid, when the crude product thus 
obtained tends to become viscous. Further portions of crude product 


1 Kelbe, Ber., 1878, 11, 1499. 
2 Morgan and Moore, T'rans. Chem. Soc., 1910, 97, 1697. 
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are obtained by evaporation of the first aqueous extract and the filtrate 
from the precipitated acid, the residue being extracted with alcohol. 
The acid, which does not crystallise well, deposits colourless nodular 
crystals from alcohol, decomposing at 288° C., [a], 151:1°. It is only 
sparingly soluble in water, ether or light petroleum, but readily soluble 
in warm benzene, toluene, chloroform or alcohol. The sodium, lithiwm, 
silver, cadmium, copper and lead salts are known. 

Phenylmethylphosphinic acid, (C,H;)(CH;)PO.OH, may be 
isolated by treating an aqueous solution of phenyldipiperidylmethyl- 
phosphonium iodide with moist silver oxide, the hydroxide obtained 
being heated for several hours at 150° C.4 The residue is dissolved in 
a little water and the silver salt of the acid precipitated by adding a 
concentrated solution of silver nitrate, the free acid being liberated by 
hydrochloric acid. A modification of this process? consists of heating 
phenyldipiperidylmethylphosphonium hydroxide at 150° C. for three 
to four hours, evaporating the residue with ammonium hydroxide on 
the water-bath until no more ammonia is evolved, then filtering and 
forming the stlver salt by the addition of silver nitrate. The silver salt 
is accurately precipitated by hydrochloric acid, the filtrate from the 
silver chloride giving the free acid in 75 per cent. yield on evaporation 
on the water-bath. 

The acid forms white needles, M.pt. 133° to 184° C. The l-menthyl- 
amine salt, (C,H;)(CH,)PO,H.C,,)H,,NH,, separates as long, colourless, 
feathery needles, M.pt. 188° to 189° C., very soluble in water or alcohol, 
less soluble in ethyl acetate, sparingly soluble in acetone; the cin- 
chonine salt, (C,H;)(CH;)PO,H.C,,H,.ON,.2H,O, forms small, colour- 
less needles, melting at 170° to 172° C., soluble in alcohol or hot benzene, 
sparingly soluble in ethyl acetate ; the cinchonidine salt, (C,H;)(CH3) 
PO,H.C,,H..ON,.4H,0, yields beautiful colourless prisms, M.pt. 
154° C., very soluble in alcohol, benzene or boiling water, sparingly 
soluble in ethyl acetate or cold water; the quinine salt, (C,H;)(CH3) 
PO,H.C,,»H,,0.N,.4H,0, begins to melt at 85° C., the anhydrous 
salt melting at 164° to 166° C., and is readily soluble in alcohol, hot 
ethyl acetate or water, sparingly soluble in cold water; the hydrowy- 
hydrindamine salt, 

= CH 
(CgH,)(CH)PO,H.C HAC SCH.NH, 
:CH(DHO= 


forms light silky needles, decomposing at about 170° C. without melting, 
and readily soluble in alcohol, sparingly soluble in ethyl acetate or 
acetone ;_ the l-hydroxyhydrindamine salt decomposes at 175° C. and 
has similar properties to the foregoing salt. 

Phenylmethylphosphinic acid (15 grams) combines with thionyl 
chloride (25 c.c.) when heated with it under reflux for thirty minutes 
on the water-bath; a 94 per cent. yield of phenylmethylphosphinyl 
chloride, C,H;(CH,)POCI, results.? The product is a colourless liquid, 
B.pt. 155° C. at 11 mm. or 167° C. at 22 mm., fuming in air and having 
an odour reminiscent of thiocarbonyl chloride. It reacts vigorously 
with water, yielding phenylmethylphosphinic acid. It combines with 


1 Michaelis, Annalen, 1896, 293, 220. 
2 Pope and Gibson, T'rans. Chem. Soc., 1912, 1o1, 740. 
8 Gibson and Johnson, J. Chem. Soc., 1928, p. 92. 
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aniline, giving phenylmethylphosphinanilide, colourless needles, M.pt. 
142° C., and with absolute alcohol to give ethyl phenylmethylphos- 
phinate, C,H,(CH;)PO.OC,H;, a colourless, highly refractive liquid, 
B.pt. 143° C. at 11 mm., the parachor [P] being 417-3 (for semipolar 
double bond) and 442-1 (for non-polar double bond). The methyl ester 
boils at 187° C. at 11 mm. 

Phenylisobutylphosphinic acid,! (C,H,)(C,H,)PO.OH, occurs 
when isobutyl iodide reacts with di-isobutyl phenylphosphinite at 160° 
C. in a sealed tube. It melts at 64° to 65° C., but its salts with the 
alkali metals or alkaloids are not crystalline. 

Phenyltriphenylmethylphosphinic acid, (C,H;)|[(C,H;)3C] 
PO.OH, is obtained when the isobutyl iodide in the foregoing reaction 
is replaced by triphenylmethyl bromide. It melts at 287° to 288° C., 
but does not yield crystalline salts. 

-Phenylhydroxyethylphosphinic acid, (C,H,)[CH(OH)CH;]| 
PO.OH.2—One molecular proportion of phenyldichlorophosphine is 
allowed to react with acetaldehyde (1 mol.), the mixture being cooled 
in ice. After completion of the reaction the mixture is poured into 
a large bulk of water and evaporated down with frequent additions of 
water. An oil results which crystallises in stellate groups of needles, 
M.pt. 104° C., soluble in water but insoluble in ether. The barium salt 
contains four molecules of water of crystallisation and separates in 
needles. Propyl aldehyde and isobutyl aldehyde are said to react in a 
similar manner to acetaldehyde, but the products are non-crystallis- 
able oils. 

Phenylhydroxybenzylphosphinic acid, (C,H,)[CH(OH)C,H;| 
-PO.OH, occurs when the acetaldehyde in the foregoing reaction 1s 
replaced by benzaldehyde. It is a white, granular powder, M.pt. 112° 
to 114° C., and its barium salt (H,O) crystallises in plates. 

Phenyltolylphosphinic acid, (C,H;)(C,H,)PO.OH, crystallises in 
fine needles, M.pt. 116° C., yielding on nitration with fuming nitric 
acid a dinitrophenyltolylphosphinic acid, (C,H,.NO,)(C,;H,.NO,)PO.OH, 
consisting of small yellow needles, M.pt. 205° C., which explode on 
direct heating. 

Phenylpseudocumylphosphinic acid, (C,H;)(C,H,,)PO.OH, 
forms needles, M.pt. 181° C. It yields a phenylhydrazine salt, white 
needles, M.pt. 140-5° C., and a trinitro-derivative, yellow prisms, M.pt. 
197° to 198° C. 

p-Tolylmethylphosphinic acid, (CH,.C,H,)(CH,)PO.OH,? occurs 
when methyl-p-tolyldipiperidine-N-phosphonium iodide is heated at 
180° C. It forms white needles, M.pt. 120° C., readily soluble in alcohol, 
sparingly soluble in water, and gives a silver salt, crystallising in pearly 
plates. 

Tolylbenzylphosphinic acid, (C,H,)(C,H;.CH,)PO.OH, is iso- 
meric with ditolylphosphinic acid. When tritolylphosphine and benzyl 
chloride are heated together for five to seven hours at 170° C., an oily 
phosphonium compound results. The latter yields a diphenoay- 
derivative when shaken with cold dilute sodium hydroxide solution, 
and subsequent treatment with water gives the phenyl ester of the acid : 


1 Arbusoff and Arbusoff, J. Russ. Phys. Chem. Soc., 1929, 61, 1905. 
2 Holle, Inaug. Dissert. Rostock, 1892. 

3 Michaelis, Ber., 1898, 31, 1037. 

4 Michaelis, Annalen, 1901, 315, 70. 
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CH) CH; CH, C,H, 
DE SHOe PO.0C Hs + HCl+C,H,OH 
(C,H,0),7 Cl C,H,.CH, 


This ester separates from aqueous alcohol as small, white crystals, 
M.pt. 120° C., soluble in benzene or petroleum ether. It is converted 
into the acid by heating under reflux for several hours with concentrated 
alcoholic potassium hydroxide. The acid crystallises from alcohol as 
white, glistening needles, M.pt. 145° C., soluble in ether or. benzene. 
The saver salt is a pure white crystalline powder, becoming dark on 
exposure to light. 


CHAPTER III. 
MISCELLANEOUS PHOSPHORUS COMPOUNDS. 


COMPOUNDS DERIVED FROM ALDEHYDES AND KETONES. 


The Reaction between Phosphorus Trichloride and Unsaturated 
Ketones. 


WuEN phosphorus trichloride is condensed with af-unsaturated 
ketones in glacial acetic acid solution and the mixture is diluted with 
water, {-ketophosphinic acids are obtained. On replacing the acetic 
acid by acetic anhydride it has been shown that the addition takes 
place at the 1: 4-position, as follows : 2 


fe cH =CH.CO.C H.-PCl, C,H, Ch —-_CH = C.C.H- 
| 


| 
C1,P 


Phosphorus trichloride, benzal acetophenone (phenyl styryl ketone) 
and acetic anhydride react at room temperature forming acetyl chloride 
and a compound which yields a ketophosphinic acid with water. The 
intermediate product is a thick oil, supposed to be a mixture of the 
acid chloride I and the acid anhydride II, both of which are decomposed 
by water to form the phosphinic acid : 


O,H..CH—_CH =C.C,H, Ci s6He = (ily. C0.C.H. 
Capes () PO Oa P= +HCl 
! vex 
O HO OH 
I t 


Ce CH=CH CGH. 
| | 


pees 6 | 

| XX C,H, .CH— = CH,.CO.C:H, 
O 

O +3H,O—+2 P=O 

| 0 as 

Yi; HO OH 

Ip eee ens iwen st 


| | 
el CH" CH ¢.¢.H, 
ig) 


Product I is formed if 1 molecular equivalent of acetic anhydride 

is used ; excess of the anhydride leads to the production of varying 

amounts of product II. Both the compounds are unsaturated, and the 

position of the double bond is ascertained by treating the substances 

1 Conant, J. Amer. Chem. Soc., 1917, 39, 2679. * Conant and Cook, ibid., 1920, 42, 830. 
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with bromine and acting upon the dibromide with water, when 
decomposition takes place and a f-bromoketophosphinic acid (III) 
and hydrogen bromide are formed. Thus, in the case of I: 


GH, CH>CH=C.G,H. C,H,.CH——CHBr.CBr.0,H, 
| | | | 2H,0 
(ip. 2 eG igs eee og Ba vise em capo 
| | 
O O 
C,H,.CH—CHBr.CBr.C,H, C,H,.CH——CHBr.C0.0;H, 
| | | +HBr 
HO—P—OH OH. ss ~ HOP On 
| | 
° 0 aa 


If the anhydride II is used, the reactions are essentially the same as 
those indicated in the foregoing scheme. 

The compound I gives rise to two substances when treated with 
phenol, a monophenyl ester (IV), and a phenyl ester of an unsaturated 
cyclic acid (V): 


C,H,.CH——CH = C.C,H, C,H;.CH——CH,.CO.C,H, 
| | 
Cl2==P O eee Cl—P—OC,H, 
| +C,H,;OH | 
O 
i 
oO ° 
ash aol 
i oO 
C,H;.CH——CH =C.C,H,; C,H,.CH——_CH,.CO.C,H,; 
C,H,0—P—————_O HO-—-P—OC,H,; 
1 | 
O YY O IV 


The ester V combines with bromine and is therefore unsaturated ; 
it may also be converted by acids or bases into the monopheny]l ester 
of the ketophosphinic acid. The ring is more stable in the case of the 
ester than the acid chloride, and the position of the double bond may. 
be shown by transforming the bromine addition product into a mono- 
phenyl ester of the B-bromoketophosphinic acid (VI) : 


C,H,;.CH——CH =C.C,H, C,H;.CH——-CHBr.CBr.C,H, 
| ¥ 
CHOP 20) 4 Bry Aer O 
| | 
O O 
HCl at 100° C. 
or H,O 
NaOH in alcohol } 
Cee ai ou C,H,.CH——-CHBr.CO.C,H, 
C,H,O—P—OH C,H,O—P—0H 
| | 
O O VI 
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The foregoing schemes prove that the intermediate product formed when 
acetic anhydride is used consists of a mixture of two unsaturated cyclic 
compounds, both containing the linkage 


B-Benzoyl-a-4-methoxyphenylethylphosphinic acid, CH,O. 
C,H,.CH[PO(OH),|.CH,.CO.C,H,.—19 grams of phenyl p-methoxy- 
styryl ketone (anisal acetophenone) are partly dissolved in 40 c.c. of 
glacial acetic acid and 14 grams of phosphorus trichloride added. 
The ketone dissolves and the solution becomes red. After standing 
overnight the mixture is poured into 500 c.c. of water, an oil separating 
out and solidifying on stirring. The product is dissolved in aqueous 
sodium carbonate solution and extracted with ether, the latter removing 
a small quantity of yellow material. Acidification of the solution gives 
an 89 per cent. yield of the phosphinic acid. The acid forms small, 
colourless needles, M.pt. 189°.C., soluble in alcohol, sparingly soluble 
in boiling water, practically insoluble in cold water or ether. It yields 
an. oxime, which is a crystalline solid, melting with slight decomposition 
at 156° C. The acid does not react with bromine in cold chloroform 
solution and cannot be hydrolysed by 50 per cent. sodium hydroxide 
or heating with concentrated hydrochloric acid. It forms a crystalline 
sodium salt, soluble calcium and barium salts, and insoluble silver and 
lead salts. 

B-Benzoyl-a-phenylethylphosphinic acid, C,H;.CH[PO(OH),|. 
CH,.CO.C,H;.—This acid occurs when the phenyl p-methoxystyryl 
ketone in the preceding preparation is replaced by phenyl styryl 
ketone (benzal acetophenone). The product contains 0-75 molecule 
of water of crystallisation, which is lost at 116° C. when the compound 
melts. 

B-Cinnamoyl-a-phenylethylphosphinic acid, 


C,H,.CH[PO(OH),].CH,.CO.CH =CH.C,H, 


occurs when distyryl ketone (dibenzal acetone) is used in the reaction. 
It contains 1-25 molecules of water of crystallisation, which it loses at 
108° C. It reduces potassium permanganate solution and combines 
with bromine in cold chloroform. 

B-Bromo- f$-benzoyl-a-phenylethylphosphinic acid, C,H;. 
CH|PO(OH),|.CHBr.CO.C,H;, may be obtained by brominating 
B-benzoyl-a-phenylethylphosphinic acid or by bromination as shown 
on p. 128 (compound III). It is a white, crystalline solid, M.pt. 196° C., 
converted by sodium carbonate, bicarbonate or hydroxide into phenyl 
styryl ketone, sodium bromide and sodium phosphate. When a 
boiling chloroform solution of the bromo-acid is treated with 1 
equivalent of thionyl chloride, it yields the acid chloride, which with 
phenol gives the monophenyl ester, a crystalline product, M.pt. 179° C. 
The ester is best obtained by brominating phenyl f-benzoyl-a-phenyl- 
ethylphosphinate described overpage; it forms a sodiwm salt with 
cold dilute sodium hydroxide, but if the reaction be carried out with 

VOUmXi.y If, 9 


130 ORGANOMETALLIC COMPOUNDS. 


warming, decomposition takes place with formation of phenyl styryl 
ketone. 

Phenyl [B-benzoyl-a-phenylethylphosphinate, C,H,.CO.CH,. 
CH.C,H,;.[PO(OH)|OC,H;.—The phosphinic acid is treated with 1 
eae ualert of thionyl chloride and the resulting acid chloride heated 
with phenol. The ester is a crystalline product, M.pt. 146° C. 

Diphenyl £-benzoyl-a-phenylethylphosphinate results in small 
amount during the preceding reaction, but is obtained in better yield 
by using 2 equivalents of thionyl chloride and 2 equivalents of phenol. 
It may be crystallised from alcohol, and melts at 125° C. It is readily 
hydrolysed to the monophenyl ester by cold sodium ethylate, and both 
esters are hydrolysed to the free acid by warming with aqueous sodium 
hydroxide. 


The Mechanism of the Reaction of Phosphorus Trichloride 
with Benzaldehyde.* 


Whereas in the preceding section the phosphorus addition took 
place at the 1: 4-position, the addition here is at the 1 : 2-position, as 
follows :— 

| O 
C.H,.CHO 4 PC, = 4 Be 
PC 


Only about 30 per cent. of the addition product is formed, the reaction 
being reversible and the factors governing the equilibrium being capable 
of expression in terms of the law of mass action. The values ob- 
tained for the equilibrium constant vary from 6-9 to 8-3, the average 
being 7-4. The product is converted by water into the corresponding 
phosphinie acid : 


CHG CHC | | +3H,0=C,H,.CHOH +3HC! 


PO(OH), 


The addition product reacts with acetic anhydride to form acetyl 
chloride and a mixture of an acid chloride (I) and an acid anhydride 
(II), a large excess of acetic anhydride converting most of (I) into (II) : 


O O 
C,H;.CH< | +(CH,.CO),0 = CoH. CHC | +2CH,COCI 
PCI, POC] 
if 


0 
00, H,.CHC | boy, t (CH €0).0 — C,H,.CHY | | 0+2CH,COC! 
\pc \po ’ 


II 


The mixture of acid chloride and anhydride remains as a gum after 
removing the acetyl chloride and excess of acetic anhydride. This 
gum when treated with water yields hydrogen chloride and a monobasic 
acid containing a three-membered carbon-oxygen-phosphorus ring, and 
the name “ phostonic’”’ acids is suggested for acids of this type : 


1 Conant and MacDonald, J, Amer, Chem. Soc., 1920, 42, 2337; compare Page, Trans. 
Chem. Soc., 1912, 103, 423. 
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ve / 
CoHCHC | +H,0 =CH;.CHC | +HCl 
POCI PO.OH 


The amount of chlorion thus produced is obviously a measure of the 
amount of acid chloride present in the mixture. The acid is isolated in 
the form of an insoluble barium salt, the structure of which follows 
from the fact that the acid is monobasic and on boiling with water is 
converted into the oe acid : 


C,H;.CHOH 
CoH.CHC | ) ae H,0 = 
PO(OH), 


The cyclic acid reduces potassium permanganate slowly, whereas the 
hydroxy-acid is oxidised immediately by this reagent. The three- 
membered ring is much more stable than the corresponding five- 
membered ring (p. 127) obtained with the unsaturated ketones ; this 
fact may be due to the presence of the ethylene linkage in the latter 
ring. 

Anhydro-a-hydroxybenzylphosphinic acid, 


O 
C,H,.CH< | 
PO.OH 


10 grams of benzaldehyde, 13 grams of phosphorus trichloride and 20 
grams of acetic anhydride are mixed in a 150 c.c. distilling flask fitted 
with a calcium chloride tube, the temperature being kept below 40° C. 
After standing overnight at room temperature, the contents of the 
flask are evaporated at 50° C. and 50 to 60 mm. for 2 hours. A viscous 
residue weighing 22 grams results, but although soluble in chloroform, 
it cannot be crystallised from that solvent. This gum with barium 
hydroxide forms the barium salt of the required acid, and the salt on 
acidification gives the free acid, which is ground with water, spread 
on a tile and dried over sulphuric acid. The acid is purified by dis- 
solving in alcohol and evaporating down, but about 10 per cent. of 
barium always remains in the product. The acid decolorises perman- 
ganate solution only one-seventh as fast as a hydroxyphosphinic acid. 
It does not form a crystalline aniline salt when its ether solution is 
treated with aniline. If 2 grams of the acid be warmed on a steam- 
bath with 75 c.c. of concentrated hydrochloric acid until a clear solution 
results, filtration and addition of dilute sulphuric acid precipitates the 
barium, and the filtered solution when evaporated to dryness yields the 
crude a-hydroxybenzylphosphinic acid. 

a-Hydroxybenzylphosphinic acid, C,H;.CH(OH)PO(OH),, may 
be obtained as just described, or as follows : 10 grams of benzal- 
dehyde and 14 grams of phosphorus trichloride are cautiously mixed 
in a flask fitted with a calcium chloride guard tube. After one hour 
18 grams of glacial acetic acid are added and the mixture allowed to 
stand for three hours. The temperature should be maintained at 
25° to 35° C. during the entire preparation. The mixture is then poured 
into 200 c.c. of water and the liquor evaporated to dryness on the steam- 
bath. The residue is dissolved in a little alcohol and the solution 
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diluted with 100 c.c. of ether. 10 grams of aniline in 10 c.c. of ether 
are added and the aniline salt of the acid filtered off. The yield is 
about 18 grams, or 72 per cent. The aniline salt may be recrystallised 
from alcohol; it melts with decomposition at 201° to 202° C. The 
free acid, isolated from the salt in the usual manner, melts at 170° to 
172° C.4. The acid yields normal and acid barium salts. 


a-Hydroxyphenanthraquinonephosphinic acid,’ 
ace ee OH).PO(OH 
Hg DeOH) POOH): 


occurs when phenanthraquinone is digested with phosphorus trichloride. 
It forms flesh-coloured flakes, which appear crystalline under the micro- 
scope and melt at 125° to 128° C. It readily dissolves in water, alcohol, 
ether or glacial acetic acid, forming a deep red solution in the latter. 
Oxidation by permanganate in acid solution yields phenanthraquinone 
and phosphoric acid. The calciwm salt separates as deep green flocks 
when calcium chloride is added to an aqueous solution of the acid. 


The 1: £ Addition of Phenyldichlorophosphine.* 


The addition of phenyldichlorophosphine to phenyl styryl ketone 
(benzal acetophenone) in acetic acid solution yields exactly the same 
types of compounds as are obtained by the use of phosphorus tri- 
chloride (p. 127). The structure of the various compounds is proved 
as before by resorting to bromination. The product 


C,H,.CH—CHBr.C0.C,H, 
| 
C.H.-=P-20H 
| 
O 


contains two asymmetric carbon atoms, so that two racemic stereo- 
isomers are possible ; both may be formed by brominating the keto- 
phosphinic acid or by the action of water on the cyclic dibromide 


C,H,.CH——_CHBr—CBr.C,H, 
| 


C,H,—P 
| 
O 


These two isomeric bromine compounds are stereoisomers and not 
structural isomers, since they are both decomposed by alkaline reagents 
with the formation of benzal acetophenone. The lower-melting isomer 
may be transformed into the higher-melting one by the prolonged action 
of sunlight on its chloroform solution. 


1 Compare Fossek, Monatsh., 1886, 7, 20. 
2 Fossek, zbid. 
3 Conant and Pollack, J. Amer. Chem. Soc., 1921, 43, 1665. 
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Phenyl -f£-benzoyl-a-phenylethylphosphinic acid, 
C,H;.CH—CH,.CO.C,H,; 
C,H;,—P—OH 
iL 


9 grams of phenyldichlorophosphine in 15 grams of glacial acetic acid 
are treated with 10 grams of phenyl styryl ketone (benzal acetophenone), 
the mixture being cooled in water during the addition. When no more 
solid separates, 70 c.c. of glacial acetic acid are stirred in, and after 
30 minutes the mixture is poured into water. The solid is filtered off, 
washed with alcohol and dried, about 19 grams of crude product being 
isolated. This is purified by solution in aqueous sodium carbonate, 
extraction with ether and precipitation from the aqueous layer by the 
addition of acid. The product is practically insoluble in all solvents, 
but may be recrystallised from its very dilute solution in hot glacial 
acetic acid or ethyl alcohol, the resulting substance melting at 220° to 
225° C. with decomposition. Replacing the acetic acid in the foregoing 
reaction by acetic anhydride, the unsaturated cyclic anhydride 


Cech == CH CCH: 
| 

C,H,;—P O 

| 

O 


is isolated in the impure state as a gum which readily reacts with water 
to give the ketophosphinic acid. With bromine the anhydride forms 
an addition product, which reacts with water to give the two stereoisomeric 
acids described below. 

Phenyl - 8-bromo- 8-benzoyl-a-phenylethylphosphinic acid, 


C,H,.CH—CHBr.CO.C,H; 
C,H;—P—OH 

| 

O 


5 grams of phenyl-f-benzoyl-a-phenylethylphosphinic acid are sus- 
pended in 20 c.c. of glacial acetic acid and the mixture raised to the 
boiling-point, when a small amount of bromine is added and the heat- 
ing continued until all the colour disappears (after about 5 minutes). 
More bromine is then slowly added, the mixture being kept just off 
the boil ; hydrogen bromide is evolved and the solid matter gradually 
disappears. At the completion of the reaction the clear solution is 
poured into 500 c.c. of water and the precipitated solid filtered off 
and dried. The yield is about 6-5 grams of product of M.pt. 160° to 
180° C. Another method of preparation is by bromination of the 
cyclic anhydride followed by treatment with water, as mentioned 
already. The two isomers are obtained from the crude product by 
treating it with 50 c.c. of hot chloroform, filtering and evaporating 
to 20 ¢.c., then adding petroleum ether, when the lower-melting isomer 
slowly crystallises. Two grams separate, M.pt. 160° to 180° C. The 
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insoluble portion, recrystallised from ethyl alcohol, yields one gram 
of the higher-melting isomer, M.pt. 195° C. Both isomers dissolve 
in aqueous sodium carbonate and both are decomposed by sodium 
hydroxide, yielding phenyl styryl ketone. If a chloroform solution 
of the lower-melting isomer, containing a trace of iodine, be exposed 
to sunlight, the higher-melting isomer separates, but many weeks 
elapse before half the lower-melting body is transformed to the higher- 
melting one. 


The Interaction of Phosphorus Halides with Distyryl Ketone and 
Phenyl Cinnamylidene Methyl Ketone. 

Phosphorus trichloride and phenyldichlorophosphine react with 
distyryl ketone (dibenzal acetone) in acetic acid solution giving 
respectively $-cinnamoyl-a-phenylethylphosphinic acid and pheny]l- 
-a-phenyl- 6-cinnamoylethylphosphinic acid: 3 
C,H;.CH—CH,.CO.CH =CH.C,H, C,H;.CH—CH,.CO.CH =CH.C,H,; 

| 
HO—P—OH | C,H;—P—OH 
| | | 
O 7 O 
Both compounds combine with two atoms of bromine, and are readily 
oxidised with formation of benzaldehyde. ‘The second, when oxidised 
by ozone, gives a dibasic acid of the formula C,H,;.CH[C,H;. 


PO(OH)|CH,.COOH. The dibromides readily evolve hydrogen bromide 
with alkaline reagents and form unsaturated monobromo-acids : 


C,H,;.CH—CH,.CO.CBr=CHC,H; C,H,.CH—CH,.CO.CBr — CH.C.H, 
HO—P—OH CH, POH 

| | 

O Oo 


These unsaturated bromo-acids are soluble without decomposition in 
sodium carbonate solution, but aqueous potassium hydroxide de- 
composes them, forming benzaldehyde and removing the bromine and 
phosphorus radicals. The first bromo-acid also gives a small yield of 
dibenzal acetone, the use of alcoholic potassium hydroxide increasing 
the yield of unsaturated ketone to 25 per cent.; the reaction taking 
place is probably as follows : 


C,H,;.CH[PO(OH),|CH = C(OH)CBr =CH.C,H; 
C,H;.CH =CH.COH =C =CH.C,H, + HBr + HPO, 
C,H;.CH = CH.CO.CH =CH.¢,H, 


The interaction of phosphorus trichloride and cinnamylidene 
acetophenone is unsatisfactory and only a small yield of ketophosphinic — 
acid results, but phenyldichlorophosphine gives a fair yield of pheny]l- 


1 Conant, Bump and Holt, J. Amer. Chem. Soc., 1921, 43, 1677. 
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f-benzoyl-a-styrylethylphosphinie acid, which yields benzaldehyde 
on oxidation with ozone, showing that the addition takes place in the 
1: 4 and not the 1 : 6-position : 
C,H,;.CH =CH.CH =CH.CO.C,H,; + C,H;PCl, +2CH,COOH 
| 


| 
C,H,;.CH =CH.CH.CH,.CO.C,H; 
+2CH,COCI 
C,H;—P—OH 
| 
O 


Phenyl-a-phenyl-8-cinnamoylethylphosphinic acid, C,H;. 
CH(C,H,.PO.OH).CH,.CO.CH =CH.C,H;.—Dibenzal acetone is sus- 
pended in acetic acid and treated with phenyldichlorophosphine. The 
resulting solid is dissolved in 20 per cent. aqueous sodium hydroxide 
and the solution extracted with ether to remove unchanged ketone, 
addition of hydrochloric acid then precipitating the acid. Filtration 
and recrystallisation from hot glacial acetic acid gives a 53 per cent. 
yield of the phosphinic acid. The acid melts at 235° to 236° C., and 
is practically insoluble in all the common solvents. When a chloro- 
form solution of the acid is oxidised by dry ozone and subsequently 
evaporated under diminished pressure at 40° C., benzaldehyde results. 
If the aldehyde be removed in steam, a gummy mass remains and the 
aqueous solution on evaporation yields a grey crystalline solid. This 
is phenyl-a-phenyl- B-carboxyethylphosphinic acid, C,H;.CH(C,H;.PO. 
OH)CH,.COOH, M.pt. 212° C., which may be recrystallised from hot 
water. ‘Titration with sodium hydroxide shows it to be dibasic. 

a -Phenyl - f(a’ f’ - dibromo - f’ - phenylpropionyl) - ethylphos- 
phinic acid or a-Phenyl-f(dibromohydrocinnamoyl)-ethylphes- 
phinic acid, C,H;.CH[PO(OH),|.CH,.CO.CHBr.CHBr.C,H;, is formed 
by brominating the corresponding unsaturated acid, the reaction being 
accelerated by sunlight. It crystallises from moist chloroform or 
aqueous alcohol as fine, white needles, M.pt. 180° to 182° C. with de- 
composition. The crystals contain 2-5 molecules of water. 

a-Phenyl- 8(a’-bromocinnamoyl)-ethylphosphinic acid, C,H;. 
CH[PO(OH),].CH,.CO.CBr =CH.C,H;, results on acting upon the 
foregoing crystalline dibromide with alcoholic potash. The yield is 
about 81 per cent. and the product crystallises from aqueous alcohol 
in fine needles, containing some water of crystallisation which is lost 
when the compound melts at 130° to 182°C. The acid readily dissolves 
in sodium bicarbonate without decomposition, reduces alkaline per- 
manganate solution instantly, but does not combine with bromine. 
Oxidation by ozone gives benzoic acid, no benzaldehyde being produced. 
From the ozonised solution a-phenyl-B-glyoxyethylphosphinic acid 
separates. This melts with decomposition at 183° C., is tribasic, and 
when heated loses carbon dioxide and water, forming a-phenyl-f- 
carboxyethylphosphinic acid, C,H;.CH[PO(OH),|.CH,.COOH. 

Phenyl - a - phenyl - f(a’ f’ - dibromophenylpropiony]l) - ethyl - 
phosphinic acid results when the corresponding unsaturated mono- 
basic acid is brominated. The yield is quantitative and the bromo-acid 
separates from hot glacial acetic acid in crystals, M.pt. 195° C. with decom- 
position. It slowly dissolves in cold sodium carbonate or bicarbonate 
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solution, from which it may be precipitated unchanged. Solution in a 
hot 4 per cent. solution of potassium acetate in methyl alcohol and 
heating for a few minutes on the water-bath gives, on pouring into water, 
an 80 per cent. yield of phenyl-a-phenyl-B(a'-bromocinnamoyl)-ethyl- 
phosphinic acid, M.pt. 200° C. Alcoholic potassium hydroxide trans- 
forms this into dibenzal acetone. 

B-Benzoyl-a-styrylethylphosphinic acid, C,H;.CH=CH. 
CH|PO(OH),|.CH,.CO.C,H;.—This is prepared by condensing phos- 
phorus trichloride and phenyl cinnamylidenemethyl ketone in acetic 
anhydride solution and subsequently treating the mixture with water. 
The acid contains 0-25 molecule of water, and melts at 159° to 161° C. 

Phenyl - 8 - benzoyl - a - styrylethylphosphinic acid, C,H;. 
CH =CH.CH(C,H;.PO.0H).CH,.CO.C,H;, occurs in 64 per cent. yield 
when phenyldichlorophosphine and phenyl! cinnamylidenemethy! ketone 
are condensed in glacial acetic acid and the solution treated with water. 
When recrystallised from hot glacial acetic acid it melts at 200° C. and 
is insoluble in most solvents. 


The Action of Phosphorus Trichloride on Saturated Aldehydes 
and Ketones.+ 


It has already been shown that phosphorus trichloride reacts with 
benzaldehyde in acetic acid solution to yield a-hydroxybenzylphos- 
phinic acid, and this process is here extended. The phosphorus tri- 
chloride is added to the carbonyl compound below 35° C., or sometimes 
cooling is necessary, and at least a 10 per cent. excess of trichloride is 
used. The mixture is protected from moisture and allowed to stand 
for two to three hours. A slight excess (3 molecular equivalents) of 
glacial acetic acid is then added, the mixture being kept between 20° 
and 30°C. After 12 hours the liquid is poured into 300 c.c. of 1ce-water 
and shaken vigorously. Evaporation of the solution yields a gum, 
which may take from one day to three weeks to crystallise. The crys- 
talline mass is dried on a plate and finally in a desiccator over sodium 
hydroxide. If no crystalline product can be isolated, the lead salt is 
prepared as follows: The gum is dissolved in about 200 c.c. of water, 
the solution made strongly alkaline with ammonium hydroxide, then 
treated with magnesium nitrate. After standing overnight, the pre- 
cipitated magnesium ammonium phosphate is filtered off, the solution 
diluted to 500 c.c., just acidified with acetic acid and heated to boiling. 
An excess of lead acetate or nitrate solution is then added, the whole 
boiled for 5 to 10 minutes and then filtered. The lead salt is washed 
with boiling water and dried, the product being free from phosphate 
and practically free from chloride. 

a-Phenylvinylphosphinic acid, CH,=CC,H;.PO(OH)., occurs 
when acetophenone is used. It is a solid, M.pt. 112° C., very soluble 
in water, fairly soluble in alcohol, sparingly soluble in benzene and best 
recrystallised from benzene-carbon tetrachloride mixture. The aniline 
salt melts at 180° to 181° C. The acid decolorises bromine water 
immediately and bleaches potassium permanganate solution. Oxida- 
tion by chromic acid yields formaldehyde as one of the products. 

a-Hydroxyisopropylphosphinic acid is formed in 91 per cent. 


1 Conant, MacDonald and Kinney, J. Amer. Chem. Soc., 1921, 43, 1928. 
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yield when acetone is used in the reaction. The product melts at 
167° to 169° C.1 

a-Hydroxy-a-methylpropylphosphinic acid, obtained from 
methyl ethyl ketone, is isolated only in the form of its lead salt, C,H;. 
C(PO,Pb)OH.CH;, which is insoluble in water but fairly soluble in 
concentrated nitric acid. If ethyl propyl ketone be used, the lead salt 
of a-hydroxy-a-ethylbutylphosphinic acid is produced, C;H,.C(PO,Pb)OH. 
C.H;, and with pinacoline the lead salt of a-hydroxy-af B-trimethyl- 
propylphosphinic acid, (CH,),C —-C(PO;Pb)OH.CH,, results, which is 
a very hygroscopic substance. 

a-Hydroxy- B-phenyl-a-benzylethylphosphinic acid, C,H;.CH,. 
[PO(OH),|COH.CH,.C,H,, is the reaction product when dibenzyl ketone 
is used. The acid may be recrystallised from benzene and melts at 
181° to 182° C. Benzylacetophenone yields a-phenyl-a-hydroxy-y- 
phenylpropylphosphinic acid, C,H,;.C[PO(OH),|OH.CH,.CH,.C,H;, of 
M.pt. 165° to 168° C., practically insoluble in water, soluble in alcohol, 
ether or acetic acid, and unaffected by bromine water. Dibenzyl 
acetone forms  a-hydroaxy-a( B-phenylethyl)-y-phenylpropylphosphinic 
acid, «(CO ,t..CH,.CH.).C(OH )[PO(OH),|,. M.pt. 178° to 174° C., in- 
soluble in water but soluble in sodium bicarbonate solution. 


Benzil, camphor, benzophenone and anthraquinone do not 
react under the foregoing conditions using acetic acid or acetic 
anhydride. Benzil and anthraquinone do not react under any 
conditions, and camphor does not give any amount of crystalline 
product. 

a-Hydroxydiphenylmethylphosphinic acid, (C,H;),C(OH) 
[PO(OH),].—Benzophenone is melted on the steam-bath with benzoic 
acid and phosphorus trichloride added in small portions, the temperature 
being raised to 155° C. during the course of ten minutes, then allowed 
to fall to 180° C. and so maintained for two to three hours. The mixture 
is then cooled to 90° C., poured into 500 c.c. of water, made strongly 
alkaline with sodium hydroxide and heated on the steam-bath for four 
to five hours. The whole is then diluted to 750 ¢c.c. and unchanged 
benzophenone extracted with ether. To separate the benzoic acid the 
mixture is strongly acidified with hydrochloric acid, cooled and filtered. 
The filtrate is evaporated to 250 c.c. and extracted three times with 
ether. The ether filtrate on evaporation yields an oil which solidifies. 
Recrystallised from feebly acidified water the acid melts at 171° to 172° C. 


It has been shown that acetophenone, phosphorus trichloride and 
glacial acetic acid react as follows : 


C,H,.CO.CH, + PCl, + CH,COOH —> 2CH,COCI + HCl + C,H;.C—CH, 
O 
PO.OH 


The phosphinic acid on treatment with water reacts according to the 
equation 


C,H;.C—CH, U,H..C(OH)CH., 
yo +H,0 = 
PO.OH PO(OH), 


1 Compare Marie, Compt. rend., 1901, 133, 221. 
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If acetophenone, phosphorus trichloride and glacial acetic acid are 
mixed and the mixture saturated the next day with hydrogen chloride, 
a-chloro-a-phenylethylphosphinie acid results.1 Loss of hydrogen 
chloride by the chloro-acid then gives an unsaturated acid : 


C,H,.C(OH)CH, C,H,.CCICH, Ce = Cre 


+HCl — HCl 
—————-—-> —_——_—_ 


PO(OH), PO(OH), PO(OH), 
Bromination of the unsaturated acid yields a dibromo-acid which loses 


hydrogen bromide above its melting-point, forming an unsaturated 
bromo-acid : 


OHUC=CH: Br,  CeH5-CBr.CH,Br _yp, CHE = CHBr 
> —_—_ > 


PO(OH),< a. PO(OH), PO(OH), 


Ye 


> CeCe Glee 


PO(OH), 


Sodium carbonate converts the unsaturated bromo-acid into pheny]l- 
acetylene : 


C,H;.C(PO,H,) =CHBr —> C,H,.C = CH+HBr+H,PO, 


The dibromo-acid yields a dihydroxy-acid when treated with water 
alone, but with aqueous sodium carbonate it gives a-bromostyrene : 


CoH5-CBr.CH Br 4, __,CeHs-CBr =CH, + NaBr +Na,PO, +3H,0 


PO(OH), _ 4x 


“C,H, -C(OH):CH,OH 
| +2HBr +2H,O 
PO(OH), 


The compounds prepared according to the foregoing scheme are 
as follows :— 

a-Chloro-a-phenylethylphosphinic acid.—This acid melts at 
174° to 175° C. When heated above its melting-point or when boiled 
in aqueous solution it is converted into a-phenylvinylphosphinic acid. 
This acid on bromination forms af-dibromo-a-phenylethylphosphinic 
acid, M.pt. 186° to 188° C., which evolves hydrogen bromide above its 
melting-point and forms f-bromo-a-phenylvinylphosphinic acid, M.pt. 
133° to 185° C. These two bromo-acids with aqueous sodium car- 
bonate yield a-bromostyrene and phenylacetylene respectively, as in- 
dicated by the foregoing schemes. The dibromo-acid is converted 
by water into af-dihydroxy-a-phenylethylphosphinic acid, M.pt. 148° 
to 145° C. $-Bromo-a-phenylethylphosphinic acid occurs when a- 
phenylvinylphosphinic acid is heated with hydrobromic acid for 17 hours 
in a sealed tube at 100° C.; chlorine converts the unsaturated acid into’ 
a B-dichloro-a-phenylethylphosphinic acid, M.pt. 175° to 178° C. 


* Conant and Coyne, J. Amer. Chem. Soc., 1922, 44, 2530. 
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The Interaction of Diphenylchlorophosphine with Benzaldehyde ~ 
and Benzalacetophenone.+ 


Diphenylchlorophosphine reacts with benzaldehyde and with benzal- 
acetophenone (phenyl styryl ketone) in the presence of glacial acetic 
acid according to the schemes : 


C,H,.CHO +(C,H;),PCl + CH,COOH = C,H,.CHOH.PO(C,H,), + CH,COCI 
C,H,.CH =CH.CO.C,H, + (C,H;),PCl + CH,COOH —-> C,H,.CH.CH,.C,H, +CH,COCI 
pe 
O 
I 


If the acetic acid be replaced by acetic anhydride the reaction takes the 
following course, an unsaturated ketone resulting, which may undergo 
reactions as shown : 


C,H;.CH =CH.CO.C,H; +(C,H;).PCl + (CH;CO),0 
; | 


1 
ae 0 PG HJ CoH, 
H,O 
Peer CH=CH Ce uve CECH. CO.C.H: 
| | | | | 
C,H; C,H; C,H; C,H; O= P(C,.H5)» 
I 
| Br, 
1 
peer 0 FICH)x 0 CH, 
H,O 
CBr—CHBr—CH CH—CHBr—CBr aie CH—CHBr.CO.C,H,; 
| | | | rele: 
C,H, C,H, C,H; C,H; S O =P(C,H;),. 
sv 
Re iam 


C,H,.C =CH.COC,H, 
| 
O= P(C.H;). 
IV 


The unsaturated intermediate compound (II) cannot be isolated in the 
crystalline state; its reactions with water and bromine are shown. 
The dibromide is not isolated; with water it gives a mixture of two 
isomeric monobromoketophosphine oxides, one of which may be obtained 
by direct bromination of the ketophosphine oxide. Whether the fore- 
going series of reactions is carried out with benzalacetophenone or 
benzal-p-chloroacetophenone, a higher-melting and a lower-melting 
bromide may be obtained by treating the intermediate unsaturated 
compound with bromine. Im each case one of the isomers may be 
prepared by direct bromination of the ketophosphine oxide, the higher- 
melting isomer resulting in the benzalacetophenone series, and the 


1 Conant, Braverman and Hussey, J. Amer. Chem. Soc., 1923, 45, 165. 
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lower-melting isomer resulting in the other series. The higher-melting 
isomer in both series loses hydrogen bromide when treated with alcoholic 
sodium hydroxide at room temperature and forms an unsaturated 
ketophosphine oxide (IV), which is reduced by zine and acetic acid 
to the saturated oxide. Similar treatment of the lower-melting isomers 
leads to the isolation of the saturated ketophosphine oxide. The 
higher-melting isomer from benzalacetophenone, when boiled with an 
alcoholic solution of potassium acetate, is quantitatively reduced, and 
the lower-melting isomer of each series can be partially converted into 
the unsaturated ketophosphine oxide by boiling with pyridine for five 
hours. The higher- and lower-melting forms are apparently stereo- 
isomers, since both form either the unsaturated or saturated compound, 
depending upon the reagents employed. From their behaviour towards 
alcoholic sodium hydroxide the higher-melting isomers apparently have 
the configuration most suitable for the elimination of hydrogen bromide. 
Although these compounds have the bromine atom in the f-position to 
the phosphorus atom, the latter is not eliminated when the compounds 
are treated with alkaline reagents. This is in striking contrast to the 
behaviour of the various f-bromophosphinic acids, which easily and 
quantitatively lose both bromine and phosphorus : 


C ,H,.CH—CHBr.CO.C,H; 


C,H,.P.OH ==. CH, CH =Civco Gre 
I +C,H,;.PO(OH), +HBr 
O 


Diphenyl - a - hydroxybenzylphosphine oxide, C,H;.CHOH. 
PO(C,H;)..—5 grams of benzaldehyde are dissolved in 3 grams of glacial 
acetic acid and 10-4 grams of diphenylchlorophosphine added. After 
30 minutes the mixture is poured into water, the gummy precipitate 
dissolved in ether and the solution washed with sodium hydroxide, 
dried and evaporated. The oxide crystallises from hot toluene in 
white crystals, M.pt. 230° C., stable towards mild oxidising agents, 
but with chromic anhydride in warm sulphuric acid yielding some 
benzaldehyde. 

Diphenyl-a-phenyl- 8-benzoylethylphosphine oxide,(C,H;),PO. 
CH(C,H,).CH,.CO.C,H,.—5 grams of benzalacetophenone in 1:5 grams 
of glacial acetic acid are treated with 5-3 grams of diphenylchloro- 
phosphine and the product worked up as before. About 7:6 grams 
(77 per cent.) of product result, melting at 227° C. on crystallisation 
from hot alcohol. 

Diphenyl- 8-p-chlorobenzoyl-a-phenylethylphosphine oxide, 
(C,H;),PO.CH(C,H,).CH,.CO.C,H,Cl, results in 85 per cent. yield 
when benzal-p-chloroacetophenone is used in the foregoing reaction. 
It melts at 225° to 226° C. 

Diphenyl-a-phenyl- 6-bromo-f6-benzoylethylphosphine oxide, 
(C ,H,),PO.CH(C,H;).CHBr.CO.C,H,;. — Diphenyl-a-phenyl- B-benzoyl- 
ethylphosphine oxide may readily be brominated in chloroform solution 
by heating under reflux for 830 minutes. The resulting product is re- 
crystallised from alcohol and is the higher-melting isomer, M.pt. 187° C. : 
The lower-melting isomer is isolated as follows: Diphenylchloro- 
phosphine (5:3 grams) is added to 5 grams of benzalacetophenone 
which has been dried over phosphorus pentoxide, and after the addition 
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of 1-25 grams of acetic anhydride the mixture is allowed to stand for 
1 hour. An acetic anhydride solution of bromine is then added and 
after 10 minutes’ standing the whole is poured into water and allowed 
to stand overnight. The solid is filtered off, dissolved in chloroform 
and the solution dried. After removal of the solvent the product is 
recrystallised several times, when 1-2 grams of diphenyl-a-phenyl- B- 
benzoylethylphosphine oxide, 0-7 gram of the higher-melting bromide 
and 1:6 grams of a bromo-compound of M.pt. 158° C. are obtained. 
The last-mentioned is the lower-melting isomer, which is more soluble 
in alcohol than the higher-melting form, so that separation may be 
effected by means of this solvent. 

Diphenyl-a-phenyl- 6-bromo-p - chlorobenzoylethylphosphine 
oxide, (C,H,;),.PO.CH(C,H;).CHBr.CO.C,H,Cl.—A_ preparation con- 
ducted in a similar manner to those already described and using benzal- 
p-chloroacetophenone yields a higher-melting isomer, M.pt. 196° C., and 
a lower-melting isomer, M.pt. 187° C. 

Diphenyl-a-phenyl- 6-benzoylvinylphosphine oxide, (C,H;),PO. 
C(C,H,) =CH.CO.C,H,, results in 80 per cent. yield when hydrogen 
bromide is eliminated from the higher-melting isomer of diphenyl-a- 
phenyl- 6-bromo- 6-benzoylethylphosphine oxide. 38 grams of the latter 
(M.pt. 187° C.) are dissolved in hot alcohol, and after cooling to room 
temperature, concentrated aqueous sodium hydroxide is added. After 
one hour the mixture is poured into water, acidified and allowed to 
stand overnight. 2 grams of the oxide result, M.pt. 148° C. The 
oxide reduces potassium permanganate in acetone solution, but does 
not combine with bromine or hydrobromic acid in acetic acid solution. 
Warming with zine dust and glacial acetic acid reduces the oxide to the 
corresponding saturated oxide, and dry ozone combines with the oxide 
in chloroform solution. If the lower-melting isomer of diphenyl-a- 
phenyl- 8-bromo- B-benzoylethylphosphine oxide (M.pt. 158° C.) be 
treated in exactly the same way a yield of 1-6 grams of diphenyl-a- 
phenyl- 8-benzoylethylphosphine oxide, M.pt. 227° C., is obtained, 7.e. 
a replacement of bromine by hydrogen occurs. The higher-melting 
isomer (0-4 gram), when boiled for 5 hours in methyl alcohol with 
potassium acetate, yields 0-25 gram of the ketophosphine oxide, but 
no trace of unsaturated compound, whilst the lower-melting isomer 
yields a gum. 

Diphenyl-a-phenyl- $S-p-chlorobenzoylvinylphosphine -oxide, 
(C,H;),PO.C(C,H,) =CH.CO.C,H,Cl, is obtained from the _higher- 
melting isomer of diphenyl-a-phenyl- 8-bromo-p-chlorobenzoylethyl- 
phosphine oxide (M.pt. 196° C.) by the action of sodium hydroxide 
and alcohol. The yield is quantitative and the compound crystallises 
in yellow needles, M.pt. 151° C. Under similar conditions the lower- 
melting isomer of the 6-bromo-acid (M.pt. 187° C.) gives a 95 per cent. 
yield of ketophosphine oxide, but no trace of unsaturated compound. 
The higher-melting bromo-acid, when heated with potassium acetate in 
alcohol solution for three hours, gives a 78 per cent. yield of unsaturated 
compound, whilst the lower-melting bromo-acid under the same con- 
ditions gives a poor yield of unsaturated compound, but no trace of 
reduction product is obtained. 
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The Addition of Alkoxy- and Aryloxy-chlorophosphines to 
Carbonyl Compounds. 


Benzaldehyde condenses at ordinary temperatures with phenoxy- 
dichlorophosphine, and methoxy- and ethoxy-dichlorophosphines in the 
presence of acetic acid, forming respectively phenyl, methyl and ethyl 
esters of a-hydroxybenzylphosphinie acid : 

C,H,;.CHO + RO.PCl, +2CH,COOH =C,H,.CHOH.PO(OH)(OR) 
+ 2CH,COCI 


The constitution of these esters is shown by converting them into 
a-hydroxybenzylphosphinic acid by hydrolysis with 15 per cent. 
aqueous hydrochloric acid and identifying the acid formed by means 
of its aniline salt. 

Phenoxydichlorophosphine condenses with benzalacetophenone in 
the presence of acetic acid, or better, acetic anhydride, with formation 
of phenyl B-benzoyl-a-phenylethylphosphinate. 

Kthoxydichlorophosphine does not condense normally with benzal- 
acetophenone, although normal results are noted with benzaldehyde. 

Diphenoxychlorophosphine reacts with chloroacetone in the presence 
of benzoic acid, but not in the presence of acetic acid or acetic anhydride: 


CHCl 
eee 
CH,Cl.CO.CH,+(C,H;0),PCI—> CH, iA (gH,.COOH 


Cl—P =(OC,H;), 
CH,Cl.COH.CH, 
+ C,H;COCI 
PO(OC,H;), 

The foregoing curious fact concerning the solvents used in this reaction 
is assumed to be due to the probability that the speed of the primary 
addition reaction is very slow, and the diphenoxychlorophosphine is 
decomposed by the acetic acid or anhydride before it has reacted 
appreciably with the ketone. Benzoic acid, on the other hand, does 
not react with the phosphorus derivative at room temperature, hence 
the reaction can proceed slowly when benzoic acid is present ; as fast 
as the primary addition product is formed it reacts with the benzoic acid, 
producing the required diphenyl ester and benzoyl chloride. 

Diphenyl a - hydroxybenzylphosphinate, C,H;.CHOH. 
PO(OC,H,;)2.—8 grams of acetic acid are added to a mixture of 9-2 grams 
of diphenoxychlorophosphine and 3-9 grams of benzaldehyde. The 
mixture becomes warm and after standing overnight the crystals are 
removed, washed with ether and dried, about 4-8 grams being obtained. 
After crystallisation from methyl alcohol the compound melts at 146° C. 
It is insoluble in benzene, water or sodium carbonate solution. Boiling 
with hydrochloric acid hydrolyses it to the phosphinic acid. 

Diphenyl a-hydroxyisopropylphosphinate, (CH,),.COH. 
PO(OC,H,)., results when the benzaldehyde in the foregoing is replaced 
by acetone. It is best crystallised from petroleum ether, and melts at 
113° to 114° C. A small quantity of the acetyl derivative of the phos- 
phinate is also produced during the reaction; it is a crystalline com- 
pound, M.pt. 72° to 72-5° C. 

1 Conant, Wallingford and Gandheker, J. Amer. Chem. Soc., 1923, 45, 762. 
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Diphenyl a-hydroxy -a-methylpropylphosphinate, C,H,;. 
C(CH,;)OH.PO(OC,H,;),.—This occurs when methyl ethyl ketone is 
used in the condensation. The ester when recrystallised from alcohol 
melts at 128-5° C. 

Diphenyl a- hydroxy -a-methylbenzylphosphinate, C,H,. 
C(CH,)(OH).PO(OC,H;),..—Diphenoxychlorophosphine and acetophen- 
one in glacial acetic acid solution yield this ester after standing for 
4 days. The compound melts at 143-5° C. 

Diphenyl a-hydroxy-f-chloroisopropylphosphinate, (CH,Cl. 
C(CH,)(OH).PO(OC,H;),.—This compound, which is prepared by 
using chloroacetone as indicated on page 142, crystallises in white, 
cubic crystals, M.pt. 119° C. 


The addition of diphenoxychlorophosphine to benzalacetophenone 
yields diphenyl a-phenyl- B-benzoylethylphosphinate, M.pt. 116° to 117° C. 
Attempts to condense diphenoxychlorophosphine with acetaldehyde, 
enanthol, cinnamic aldehyde, methylisopropylketone and pinacoline only 
give oily products which cannot be crystallised. 


PuHospHorusS DERIVATIVES OF DIMETHYLANILINE. 


Dimethylaminophenyldichlorophosphine, (CH,),N.C,H,.PCl,.1 
—A mixture containing 100 grams of phosphorus trichloride and 70 grams 
of dimethylaniline? is treated slowly with 20 grams of anhydrous 
aluminium chloride, and when the latter has dissolved the whole is boiled 
for eight hours on a sand-bath, using a calcium chloride guard tube. 
After cooling the reaction mixture is shaken with petroleum ether (B.pt. 
100° C.) until solidification takes place. The solid is filtered off and 
the filtrate evaporated down until a clear reddish oil remains, the opera- 
tion being conducted as far as possible in the absence of air. The 
oil crystallises in large tablets, which are purified by washing with 
petroleum ether, dissolving in dry ether, distilling off the solvent and 
crystallising the residue in vacuo. The product cannot be distilled at 
ordinary pressures without decomposition, but boils at about 250° C. at 
120 mm. with slight decomposition. The solidified oil consists of thin, 
pale yellow plates, M.pt. about 66° C., sparingly soluble in petroleum, 
readily soluble in benzene or phosphorus trichloride. The crystals are 
deliquescent in air and decomposed by water, the reaction taking place 
as. follows :— 


(CH,).N.C,H,.PCl, + 2H,0 =(CH,),.N.C,H,.P(OH),.HCI + HCl 

(CH,),N.C,H,.PCl, +3H,O = (CH,).N.C,H;.HCl + P(OH),; + HCl 

The dichlorophosphine may also be prepared by the interaction of 
phosphorus trichloride and p-mercuri-bis-dimethylaniline : 3 


[(CH,),N.C,H,],Hg + 2PCl, =2(CH,),N.C,H,.PCl, + HeCl, 


1 Schlenk and Michaelis, Ber., 1888, 21, 1497; Michaelis and Schlenk, Annalen, 1890, 
260, l. 

2 Haniman (Ber., 1876, 9, 845) states that phosphorus trichloride and dimethylaniline 
when heated together for some hours at 160° C. evolve methyl chloride. If the reaction 
mixture is treated with sodium hydroxide and the excess of dimethylaniline removed by 
boiling with water, the residue crystallises from alcohol as a white, basic body, to which 
Haniman assigned the formula [C,H,.N(CH;),.]3;P. This product with fuming hydro- 
chloric acid above 160° C. is converted to tri-m-aminotriphenylphosphine and triphenyl- 
phosphine. The reaction appears to need further investigation. 

oS Phis: Vol, Part 1, p: 122. 
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‘An ether solution of dimethylaminophenyldichlorophosphine reacts 
with chlorine to yield a tetrachloride, (CH,),N.C,H,.PCl,, a pale yellow 
powder, easily decomposed by moisture. Bromine under similar con- 
ditions gives a chlorobromide, (CH;),N.C,H,.PCl,Br,, decomposed by 
water as follows :— 


3(CH,),.N.C,H,.PCl,Br, + 8H,O = (CH,),N.C,H;Br, 
+ 2(CH,),N.C,H,.P(OH), +4HBr + 6HCl +H,PO, 


Dry hydrogen chloride reacts with the dichlorophosphine to form a 
hydrochloride, but prolonged treatment leads to decomposition, with 
formation of dimethylaniline hydrochloride and phosphorus trichloride. 

Dimethylaminophenylphosphinous acid, (CH )oN-C. tee 
P(OH),,4 is prepared by the action of alcohol on the foregoing dichloro- 
phosphine. It is a colourless crystalline compound, M.pt. 162° C., 
soluble in water or hot alcohol, and stable towards concentrated hydro- 
chloric acid. Dry distillation causes decomposition with formation 
of dimethylaniline, phosphine and metaphosphoric acid. The acid 
yields the following salts: hydrochloride, a white crystalline mass, 
deliquescing in air and forming an oil; sodiwm salt, crystallising in 
white tablets containing two molecules of water of crystallisation ; 
potassium salt, a white hygroscopic crystalline mass; copper salt, a 
pale green powder ; lead salt, a white powder. When the acid is caused 
to react with benzaldehyde in an atmosphere of carbon dioxide at 
130° to 170° C., using concentrated hydrochloric acid as a catalyst, a 
viscous yellow oil results, which corresponds to the formula [(CH3),N. 
C,H,],CH.C,H,; its solution in hydrochloric acid reacts with platinic 
chloride, forming a platinichloride having the constitution [(CH,),N. 
C,H,|.CH.C,H,.2H,Ptcl,. 

Dimethylaminophenylphosphinic acid, (CHANG Ere 
PO(OH),, occurs when the sodium salt of the foregoing acid in 
alcohol solution is treated with mercuric chloride. It melts at 188° C. 
and is readily soluble in water or alcohol. 

Dimethylaminophenyldimethylphosphine, (CH NSC i 
P(CH3)., is obtained by treating dimethylaminophenyldichlorophos- 
phine with zinc dimethyl in benzene solution in a carbon dioxide 
atmosphere, the reaction mixture being well cooled during the operation. 
It is a colourless, strongly refractive liquid, of pungent odour and lighter 
than water. It boils at 265° C. and above this temperature is converted 
into the oxide. In air the oil forms a crystalline mass, which after 
boiling and cooling gives a melting-point of 10° C. Air also converts 
the phosphine to the owide, (CH,),N.C,H,.P(CH;),0.H,O or (CH,),N. 
C,H,.P(CH3).(OH),; the change is more rapidly effected by adding 
mercuric oxide and heating on the water-bath. The oxide separates 
from hot ether as slender, white needles, M.pt. 62° C., readily soluble in 
alcohol or chloroform, sparingly soluble in ether. When the phosphine 
is warmed with sulphur it is converted into the sulphide, (CH,),N. 
C,H,.P(CH3;).S; this forms white needles from alcohol, M.pt. 155° C., 
becoming yellow on exposure to the air. The carbon disulphide addition 
product, (CH;),.N.C,H,.P(CH;),..CS,, is a red powder, M.pt. 162° C., 
sparingly soluble in alcohol. Dimethylaminophenyltrimethylphosphon- 
wum todide is prepared from the phosphine in the usual manner ; 
it crystallises as thick white needles, M.pt. 264° C., which become 


1 Compare American Patent, 1607113. 
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yellow in air. Dimethylaminophenyldimethylethylphosphonium iodide 
has similar properties to the foregoing compound and melts at 199° C. 

Dimethylaminophenyldiethylphosphine, (CH,)N |... CH: 
P(C,H;),, isolated from the dichlorophosphine and zine diethyl, is a 
colourless liquid, B.pt. 298° C., and re-melts after solidifying at 12-5° C. 
It is more slowly oxidised in air than the corresponding methyl com- 
pound, and has a faint odour ; it readily dissolves in hydrochloric and 
sulphuric acids. Its oxide forms thick transparent needles, M.pt. 65° C. ; 
the sulphide separates as white crystals, M.pt. 148° C., and the carbon 
disulphide addition product yields red plates, M.pt. 107° C. 

Dimethylaminophenyldiethylmethylphosphonium iodide is a_ white 
mass, M.pt. 186° C., readily soluble in chloroform, insoluble in ether ; 
the corresponding ethiodide separates as thick white needles, M.pt. 180° C. 

Dimethylaminophenyldiphenylphosphine, (CHE),N -C. He. 
P(C,H;),.—One molecular proportion of dimethylaminophenyldi- 
chlorophosphine, two molecular proportions of chlorobenzene and the 
requisite quantity of sodium are allowed to react in benzene solution. 
The resulting phosphine melts at 152° C. and is readily soluble in 
benzene, less soluble in alcohol or ether. It is only a weak base, and 
is precipitated from its solution in concentrated hydrochloric acid by 
water. When heated in a sealed tube for eight hours with concentrated 
hydrochloric acid at 230° C. it reacts as follows :— 


(CH,),N.C,H,-P(C,H,), + HCl = (CH,),N.C,H, +(C,H,),PCl 
2(C,H;),PCl +2H,0 =(C,H,),PH +(C,H;),PO.OH +2HCl 


Oxidation by boiling with ferric chloride yields the oxide as a white, 
crystalline mass, M.pt. 183-5° C., readily soluble in alcohol or chloro- 
form, insoluble in water. The sulphide, obtained in the usual manner, 
forms fine, yellow needles, M.pt. 188° C., readily soluble in alcohol or 
chloroform. Dimethylaminophenyldiphenylmethylphosphonium iodide, 
(CH,),N.C,H,.P(C,H;).(CH;)I, is an oil, which yields a hydroaide in 
the form of a strongly alkaline deliquescent mass. When dissolved 
in hydrochloric acid and treated with platinic chloride the phosphine 
forms a platinichloride, [(CH 3).N.C,Hy4.P(C,H;)..-HCl],PtCl,, a yellow 
powder, crystallising from alcohol in orange plates. Prolonged boiling 
of the hydroxide with water, or better, the addition of silver oxide or 
solid potassium hydroxide, removes benzene from the molecule : 


(CH,)N.C,H,.P(C,H;).(CH,)OH = (CH,),N.C,H,.P(C,H;)(CH3)0 + C,H, 


The ovide thus formed dissolves in the usual solvents and forms shining 
crystals, M.pt. 146° C. 

Hexamethyltriaminotriphenylphosphine,  [(CH,),N.C,H,|,P, 
occurs as a by-product in the preparation of dimethylaminophenyl- 
dichlorophosphine, being present in the residue insoluble in petroleum 
ether. It forms colourless, slender needles, turning blue in air, melting 
at about 278° C., and readily dissolving in hot ether, hot alcohol or 
chloroform. 

Diethylaminophenyldichlorophosphine, (C,H;).N.C,H,.PCl,.— 
This is obtained when the dimethylaniline in the corresponding dimethyl 
preparation is replaced by diethylaniline. The product isa reddish 
oil, easily soluble in benzene, ether or alcohol. 

Methylbenzylaminophenyldichlorophosphine, (CH,)(C,H,. 
CH,)N.C,H,.PCl,, is a pale reddish oil. It forms a phosphinous acid, 
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(CH,)(C,H;.CH,)N.C,H,.P(OH),, crystallising from water or dilute 
alcohol in small, slender needles, turning green in air and melting at 
96°C. The sodium salt crystallises in glistening white needles or plates, 
M.pt. 233° C., containing two molecules of water of crystallisation. 

Ethylbenzylaminophenyldichlorophosphine, (C,H,;)(C,H;.CH,) 
N.C,H,.PCl,, is an oil having similar properties to the foregoing 
compound. 

Methylphenylaminophenyldichlorophosphine, (CH,)(C,H;)N. 
C,H,.PCl,, separates as a viscous, transparent oil, which cannot be 
distilled without decomposition even in vacuo. Sodium hydroxide 
converts it into the sodium salt of the phosphinous acid. This salt 
crystallises in plates containing two molecules of water of crystallisation 
and melting at 265° C.; it readily dissolves in water, is less soluble in 
alcohol and insoluble in chloroform or benzene. Hydrochloric acid 
transforms the sodium salt to the free phosphinous acid, which separates 
from water in small needles and from alcohol in pearly plates, M.pt. 
150-5° C., easily soluble in benzene or chloroform.! 


DERIVATIVES OF DIBENZYLMETHANE AND HyDROXYMETHYLENE 
CAMPHOR. 


Dibenzylmethanephosphinic acid, (C,H,),CH.PO(OH),, occurs 
when hydriodic acid and amorphous phosphorus react with dibenzyl . 
ketone.” It crystallises as large, thick needles, M.pt. 142° C., readily 
soluble in alcohol or ether, sparingly soluble in cold water. When the 
acid (1 mol.) is heated with phosphorus pentachloride (2 mols.) it 
yields an oxychloride, a viscous, transparent oil, B.pt. 228° C. at 20 mm., 
density 1-086 at 15° C., water reconverting this into the acid. The acid 
and oxychloride in benzene solution give dibenzylmethanephosphin- 
oxide, (C,H,),CH.PO,, which crystallises in white tablets, M.pt. 151° C. 
Concentrated ammonium hydroxide converts the oxychloride into 
dibenzylmethanephosphinamic acid, (C,H,),CH.P(OH)NH,, consisting 
of white plates, sintering at 230° C. and melting at 244° C., the sdlver 
salt being a white precipitate. The following other derivatives of 
dibenzylmethanephosphinic acid are known: anilide, (C,H,).CH. 
PO(NH.C,H,),, white needles, M.pt. 196° C., readily soluble in alcohol, 
hot benzene or chloroform; phenylhydrazide, (C,;H,),CH.PO(NH.NH. 
C.H;)., white needles, M.pt. 164° C.; diethyl ester, a viscous liquid, 
B.pt. 240° C. at 20 mm.; diphenyl ester, hard, white prisms, M.pt. 
120°C. '; ditolyliester, M pt138l GC: 

Hydroxymethylene camphor phosphinic acid, C,,H,,0 =CH. 
PO(OH),, is isolated as a by-product in the preparation of hydroxy- 
methylene camphor by treating oxymethylene camphor (8 mols.) with 
phosphorus trichloride (2 mols.). It erystallises with half a molecule 
of water, which may be expelled at 110° C. The ammonium, silver 
and lead salts are known, also the following derivatives: oaychloride, 
C,,H,,0 =CH.POCI,, white tablets, M.pt. 51° C., B.pt. 175° to 180° C., 
decomposed by water; aniline salt, M.pt. 195° to 196° C. ;- anilide, 
slender yellow needles, M.pt. 227° to 228° C.; p-toluidide, M.pt. 210° C. ; 
p-phenetidide, M.pt. 187° C.; diethyl ester, B.pt. 195° to 205° C. at 
20 mm., decomposed by water. 


* For p-dimethylaminotolylphosphinous acid, see American Patent, 1635169, 
2 Michaelis and Fleming, Ber., 1901, 34, 1291, 
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HETEROCYCLIC RINGS CONTAINING PHOSPHORUS. 


The heterocyclic ring compounds of phosphorus are similar to those 
already described for tin, lead? and arsenic.2 The formation of a 
phosphorus ring system is shown by the following equation :— 


CH,.CH,,MgBr Cl. ACH 


CH _ P.Cj.H-=CH PG 
Brae Nero | NCH. CH. 
+ MeBr, + MgCl, 
Phenylcyclotetramethylenephosphine,? 
CH,.CH 
pce, 
CH,.CH, 


To the magnesium compound obtained from 50 grams of 1 : 4-dibromo- 
butane in 200 c.c. of absolute ether, 25 grams of phenyldichlorophosphine 
diluted with three volumes of ether are slowly added with brisk stirring 
and ice-cooling. A violent reaction ensues, and on its completion the 
ether is distilled off in a stream of hydrogen and the residue distilled 
from a metal-bath in hydrogen up to 350° C. at 20 mm. pressure. 
The distillate is fractionated in a carbon dioxide atmosphere, the pure 
product boiling at 132° to 133° C. at 16 to 18 mm. It is a transparent 
oil having a strong, characteristic phosphine odour, and gives the follow- 
ing physical constants: density, 1:0502 at 0° C., 1:0429 at 10° C., 
1-0354 at 20° C., 1-0281 at 30° C., 1-0208 at 40° C., 1-0885 at 22-5° C. ; 
Ny 1:5894 at 22°5° C.; np —nc 0:021638 at 22-5° C. It does not fume and 
is only slowly oxidised in air at ordinary temperatures. In water it 
is only slightly soluble, but dissolves readily in most organic solvents ; 
it readily reduces neutral or faintly acid solutions of silver nitrate. 
With mercuric chloride it forms an addition product, C,>H,,P.HgCl,, 
separating from hot benzene in rhombic crystals, M.pt. 148° to 144° C. 
with decomposition. This product is sparingly soluble in water, alcohol, 
benzene or ether, readily soluble in pyridine and its homologues. The 
phosphine forms the usual addition products with carbon disulphide, 
sulphur and platonic chloride, also compounds with carbon tetrachloride, 
hexachloroethane, arsenic trichloride, antimony trichloride, bismuth 
trichloride, silicon tetrachloride, triethylsilicon chloride, phenyldichloro- 
arsine, diphenylchloroarsine, tin tetrabromide and tin diphenyl dibromide. 
These compounds are only sparingly soluble. The following derivatives 
are obtained in the usual manner: Phenylcyclotetramethylenemethyl- 
phosphomum iodide, (CH,), > P(C,H,;)(CH3)I, a colourless oil; phenyl- 
cyclotetramethylene-ethylphosphonium iodide, a pale yellow crystalline 
powder, M.pt. 122° C., readily soluble in water or alcohol, less soluble 
in ether or petroleum ether; phenylcyclotetramethylene-n-propylphos- 
phonium iodide, a snow-white crystalline powder, M.pt. 153° to 154° C. ; 
phenylcyclotetramethylene-sec.-propylphosphonium iodide, pale yellow 
crystals tending to be hygroscopic and having no definite melting-point ; 
isoamyl iodide and ethylene bromide give yellow oils which cannot be 
crystallised. 
1 This Vol., Part I, p. 352. 


2 This Vol., Part II, p. 410. 
3 Grittner and Krause, Ber., 1916, 49, 437. 
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Phenylcyclopentamethylenephosphine,' 


CH,.CH 
His ep en 
a ae 

CH,.CH, 


is prepared by substituting the 1:4-dibromobutane in the preceding 
preparation by 1: 5-dibromopentane. It is a colourless oil of character- 
istic phosphine odour, B.pt. 154° to 155° C. at 22 to 24 mm., fuming in 
air but not appreciably oxidised. It readily dissolves in alcohol, 
benzene, ether or petroleum ether, is sparingly soluble in water, and 
reduces neutral or dilute nitric acid solutions of silver nitrate. The 
mercurichloride melts at 172° C. and the ethiodide at 178° C. 
p-Tolylcyclopentamethylenephosphine, 


obtained from p-tolyldichlorophosphine, boils at 167° to 168° C. at 
24 mm., and resembles the preceding compound in properties. Chlorine 
reacts with it, causing partial decomposition with formation of some 
1:5-dichloropentane. The mercurichloride melts at 157° C.; the 
methiodide is an oil which cannot be induced to erystallise, but the 
ethiodide forms white crystals, M.pt. 163° to 164° C. 


COMPOUNDS OF THE TYPE RP=PR. 


Phosphobenzene, C,H,.P = P.C,H,;.—10 grams of phenylphosphine 
in a well-cooled flask are treated dropwise with 10 grams of phenyl- 
dichlorophosphine, the operation being conducted in an atmosphere 
of hydrogen.2. A violent reaction occurs, accompanied: by foaming ; 
the reaction is completed finally by gentle warming, when a solid 
product results. This is treated with water and alcohol-free ether 
until a portion when oxidised by nitric acid gives no reaction with 
silver nitrate. The ether is then as far as possible poured off, and the 
remainder driven off by heating on the water-bath in a current of hydro- 
gen. <A pale yellow powder results, insoluble in alcohol, hot water or 
ether, readily soluble in hot benzene. 

Air oxidises phosphobenzene to the owide, (C,H;.P),0, whilst 
chlorine causes inflammation unless diluted with carbon dioxide, when 
phenyldichlorophosphine occurs : 


C.H,.P =P.C,He+2Cl, == 20 i POP. 


The oxide under similar conditions yields a mixture of phenyldichloro- ~ 
phosphine and phenyl phosphorus oxychloride. Dilute nitric acid 
transforms phosphobenzene with violence into phenylphosphinous acid, 
whilst concentrated nitric acid gives the phosphinic acid : 


C,H;.P =P.C,H,;+ O,+2H,0—- 2C,H,.P(OH), 
C,H;.P =P.C,H; + 20, +2H,0 —> 2C,H;.PO(OH), 


1 Griittner and Wiernik, Ber., 1915, 48, 1473. 
2 Kohler and Michaelis, Ber., 1877, 10, 807. 
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Concentrated hydrochloric acid gives a mixture of phenylphosphine 
and phenyldichlorophosphine : 


GHP He+ 2HCl > C,H. PH, +C,H, PCl, 


When phosphine is dried over potassium hydroxide and passed 
through phenyldichlorophosphine for several days, a thick, pale yellow, 
viscous liquid results. This becomes turbid on exposure to the air, 
and addition of water or alcohol causes the precipitation of a yellow 
solid. The product is triturated in a mortar, washed with alcohol and 
dried over sulphuric acid, and the following formula, based upon 
analytical data, is assigned to it, C,H;.P =POH. It is insoluble in 
water or alcohol, sparingly soluble in ether, readily soluble in carbon 
disulphide. At ordinary temperatures it is stable in air, but it inflames 
on heating and burns with a sooty flame. With warm nitric acid red 
fumes are evolved and an intense yellow solution results, but prolonged 
warming yields a colourless solution containing phenylphosphinic and 
phosphoric acids : 


C,H,.P =P.OH +2H,0 +20, —> C,H;.PO(OH), + PO(OH), 


Phospho-arsenobenzene,?” 


<> 


18 obtained by the interaction of phenyldichlorophosphine and phenyl- 
arsine : 


C,H,.PCl, + H,As.C,H, = C,H;.P =As.C,H, + 2HCl 


Phenylarsine, 7-35 grams, and 8-66 grams of phenyldichlorophosphine 
are mixed in 30 c.c. of ether. The ether is removed at 50° C. on the 
water-bath, and a violent evolution of hydrogen chloride suddenly 
takes place. A yellow crystalline mass consisting of fine needles results. 
After washing with alcohol and ether the product melts at 181° C. 
Recrystallisation from benzene causes decomposition into arseno- 
benzene and phosphobenzene. The latter appears to melt at 149° to 
150° C.° 


PHOSPHINIC ACIDS DERIVED FROM TRIARYLMETHOXYPHOSPHORUS 
DICHLORIDES. 


Triphenylmethylphosphinic acid, (C,H,;);C.PO(OH),,* occurs 
when alcoholic potassium hydroxide reacts with triphenylmethoxy- 
phosphorus dichloride. The hydrolysis is abnormal and the phosphorus 
changes from the tervalent to the pentavalent state : 

(C,H;),CO.PCl, ead (C,H,),C.PO(OC,H;)(OK) 

The pure acid is most conveniently isolated as follows: The precipitate 
obtained on acidifying the solution of the crude acid in potassium 
hydroxide is dried in a steam-oven, then boiled for an hour with a 


1 Michaelis, Ber., 1875, 8, 499. 

2 Steinkopf and Dudek, Ber., 1929, 62, [B], 2494. 

3 British Patent 9234 (1915) deals with arsenophosphorus compounds. 

4 Boyd and Chignell, T'rans. Chem. Soc., 1928, 123, 8138; 1924, 125, 1477; compare 
Arbuzoff and Arbuzoff, J. Russ. Phys. Chem. Soc., 1929, 61, 217. 
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mixture of acetic acid and concentrated hydriodie acid (3 grams of 
phosphinic acid, 15 c.c. of acetic acid and 8 c.c. of hydriodic acid). 
Large prismatic crystals of triphenylmethylphosphinic acid separate as 
the solution cools. These are washed with dilute sulphurous acid, then 
with dilute hydrochloric acid, followed by a little alcohol, and finally 
with ether. Recrystallisation from glacial acetic acid or benzene gives 
a product, M.pt. 275° C. If five to six molecular proportions of potassium 
hydroxide per molecule of phosphorus chloride be used in place of 
three proportions, the yield may be raised to about 80 per cent. 

The acid reacts with phosphorus pentachloride at 70° C. giving 
triphenylchloromethane, M.pt. 106° to 109° C.1 The dipotassium salt, 
(C,H,),C.PO(OK),.8H,O, forms lustrous leaflets, and the bariwm salt, 
(C,H;),C.PO,Ba.4H,O, is a white precipitate. The monoethyl ester, 
(C,H,),C.PO(OC,H;)(OH), melts at 227° to 232° C. The triphenyl- 
methoxyphosphorus dichloride required for the foregoing preparation 1s 
obtained by the action of phosphorus trichloride on triphenylcarbinol. 

The following is a general method of preparation for the triaryl- 
methoxyphosphorus dichlorides 2? and for their conversion to triaryl- 
methylphosphinic acids: One gram-molecule of the triarylcarbinol is 
slowly added to about two molecular proportions of phosphorus tri- 
chloride cooled in ice, and the mixture kept at room temperature for 
at least forty-eight hours. The resulting solid is treated with ice and 
water, digested in the cold during several days first with ammonium 
hydroxide and afterwards with sodium carbonate solution, washed 
free from alkali, dried in a vacuum, and crystallised from a suitable 
solvent. On acidification of the alkaline filtrate a small quantity of 
triarylmethylphosphinic acid is precipitated, but in order to obtain the 
maximum yield of the phosphinic acid, formed as a by-product in the 
preparation of the triarylmethoxyphosphorus dichloride, it is usually 
necessary to carry out the digestion with ammonium hydroxide on a 
steam-bath. The triarylmethoxyphosphorus dichlorides are all soluble 
in cold concentrated sulphuric acid with evolution of hydrogen chloride, 
and from the strongly coloured solutions the carbinols are precipitated 
on addition of water. The transformation of these dichlorides to 
acids takes place when the chloride (1 mol.) is heated on a water-bath 
with potassium hydroxide (4-5 to 5 mols.) and ethyl alcohol (about 
99 per cent.). Heating is continued for a short time after potassium 
chloride has separated, and then water is added and the alcohol evapor- 
ated off on the steam-bath. The aqueous solution is boiled for some 
time and, when cold, is filtered from solid matter and strongly acidified 
with hydrochloric acid. The precipitated mono-ethy] ester of the triaryl- 
methylphosphinie acid is refluxed for an hour with a mixture of glacial 
acetic acid and concentrated hydriodic acid. On cooling, the phosphinic 
acid separates and is washed and weighed after drying at 110° C. 
Addition of water to the filtrate gives a further small quantity of acid. 
From 5 grams of triphenylmethoxyphosphorus dichloride, 3-8 grams of 
potassium hydroxide and 38 e.c. of alcohol, the yield of triphenyl- 
methylphosphinic acid was 4-079 grams, or a 91 per cent. yield. All 
the acids obtained by this method are dibasic, this fact being established 
by preparation of the corresponding dipotassium salts and by electro-' 
metric titration. 

By use of the foregoing method the following dichlorides and their 

1 Hatt, J. Chem. Soc., 1929, p. 2412. ‘ 2 Boyd and Chignell, loc. cit. 
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respective acids have been isolated: p-Chlorotriphenylmethoxyphos- 
phorus dichloride, CIC,H,.C(C,H,;),.0.PCl,, colourless crystals, M.pt. 
161-5° C., p-chlorotriphenylmethylphosphinic acid, CIC,H,.C(C,H;),PO 
(OH),, minute crystals, M.pt. 273° C., and the dipotassium salt, small 
lustrous plates ; p-bromotriphenylmethoxyphosphorus dichloride, BrC ,H,. 
C(C,H;),O.PCl,, M.pt. 163° C., p-bromotriphenylmethylphosphinic acid, 
BrC,H,.C(C,H,;),PO(OH),, colourless crystals, M.pt. 297° C., containing 
a molecule of acetic acid, which is retained after prolonged keeping in 
a vacuum, but may be driven off by heating for several hours at 100° C., 
the dipotassium salt, glistening plates, and the barium salt, a heavy 
white precipitate; diphenyl - p - anisylmethoxyphosphorus dichloride, 
CH,0.C,H,.C(C,H;),0.PCl,, minute white crystals, M.pt. 180° C., and 
diphenyl-p-anisylmethylphosphinic acid, CH,0.C,H,.C(C,H;),.PO(OH)., 
M.pt. 210° C.; diphenyl-m-anisylmethoxyphosphorus dichloride, CH,O. 
C,H ..C(C,H.),.0:PCl,, minute,, snow-white crystals, M.pt. 122° to 
124° C.; m-hydroaytriphenylmethylphosphinic acid, HO.C,H,.C(C,H;). 
PO(OH),, fine white needles sintering at 239° C. and melting at 248° C., 
the disodium salt, lustrous plates, the benzoyl derivative, a white powder, 
the disilver salt of the benzoylated acid, a white precipitate, and the 
acid formed by methylation of the free acid, M.pt. 197° C.; diphenyl- 
a-naphthylmethoxyphosphorus dichloride, Cy)H,.C(C,H;),0.PCl,, white 
microscopic crystals, M.pt. 171° to 172° C., dephenyl-a-naphthyl- 
methylphosphinic acid, C, jH,.C(C,H;),PO(OH),, fine needles, M.pt. 
256° C., and the dipotassium salt, lustrous plates ; diphenyl- 6-naphthyl- 
methoxyphosphorus dichloride, Cy, .H,.C(C,H;),0.PCl,, small white 
crystals, M.pt. 194° C., diphenyl-B-naphthylmethylphosphinic acid, 
@7,u.¢(C.H,),PO(OH). colourless. needles, M.pt. 247-5° C.,. the 
dipotassium salt being known; _ p-nitrotriphenylmethoxyphosphorus 
dichloride, NO,.C ,H,.C(C,H;),0.PCl,, colourless crystals, M.pt. 188-5° C.; 
diphenyl-p-tolylmethoxyphosphorus dichloride, CH ,.C,H,.C(C,H;),0. 
PCl,, minute colourless crystals, M.pt. 198° C., diphenyl-p-tolylmethyl- 
phosphinic acid, CH,.C,H,.C(C,H;),PO(OH),, M.pt. 254° C., which 
may contain one molecule of water or acetic acid of crystallisation, 
according to the method of purification, and the dipotassiwm salt, 
pearly leaflets. 

An attempt has been made?! to explain the mechanism of the 
reaction occurring when triphenylmethoxyphosphorus dichloride is con- 
verted into triphenylmethylphosphinic acid by observing the rate 
of formation of sodium chloride, and also by examination of the 
phosphorus - containing products. Using 2°5N_ alcoholic sodium 
ethoxide, the removal of chlorine atoms proceeds in definite stages. 
The first halogen is rapidly removed, the velocity being influenced 
chiefly by the rate of dissolution of the phosphorus dichloride in 
alcohol. The final product is ethyl hydrogen triphenylmethylphosphinate, 
M.pt. 259° C., which yields a szlver salt as a white crystalline precipitate. 
The course of the reaction is given as follows :— 


(C,H;),CO.PCl,—> (C,H;),CO.PCl(OC,H;) —> 
(I) (II) 


(C,H,),C-POCI(ONa) —> (C,H;)3C.PO(OC,H,)(ONa) 
(IIL) 


1 Hatt, J. Chem. Soc., 1929, p. 2412. 
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This hypothesis is.supported by the isolation at the appropriate stage 
of triphenylmethylchlorophosphinic acid (III), M.pt. 283° to 234° C., 
- which forms an aniline salt, M.pt. 182° to 182-5° C., or 151° to 156° C. 
on rapid heating, and containing one molecule of alcohol of crystallisa- 
tion; the quinoline salt forms large, colourless crystals, M.pt. 181-5° 
to 182:5° C. When 0:2 to 0-5N sodium ethoxide is employed, the 
chloro-ester (II) results in 85 per cent. yield and melts at 135° to 137° C. 
Heating with 2N sodium ethoxide solution or hydriodic-acetic acid 
mixture transforms II into III. 
In concentrated solutions an alternative course exists : 


(C,H;),CO.PCl, —> (C,H,),CO.PCl(OC,H,) —> (C,H,),C.PO(OC,H;). 
—— (C,H;),C.PO(OC,H,;)(ONa) 

This course of reaction is indicated by the isolation of diethyl triphenyl- 
_methylphosphinate, M.pt. 120° to 121° C., in 20 per cent. yield when 4N 
solutions of sodium ethoxide are used. This ester undergoes sulphona- 
tion with concentrated sulphuric acid, but hot aqueous sulphuric acid 
first causes hydrolysis into the moncethyl ester, then into the phosphinic 
acid itself. 


ALIPHATIC PHOSPHINO-ACIDS AND THEIR DERIVATIVES. 


Although arsinoacetic acid is readily produced from chloroacetic 
acid and an excess of sodium arsenite, the analogous reaction does 
not take place with sodium phosphite. Sodium salts of phosphorous and 
chloroalkyl acids when brought into contact react with a partial con- 
version of the phosphorus into the quinquevalent state, and, apparently, 
the production of an unstable ester-like derivative of glycollic and 
phosphorous acids which cannot be isolated. Methyl iodide and sodium 
phosphite yield the readily hydrolysed methyl phosphite unaccompanied 
by methylphosphinic acid. 

Ethyl phosphinoacetate,! C,H,O,C.CH,.PO(OC,H;)., occurs when 
sodium diethylphosphite (obtained from phosphorus trichloride and 
ethyl alcohol, followed by treatment with sodium in the presence of 
ether) reacts with ethyl chloroacetate. It may also be obtained in 
95 per cent. yield when sodium ethoxide, diethylphosphite and ethyl 
chloroacetate react in absolute alcohol solution ;? in other solvents, 
such as ether or light petroleum, the yields are considerably smaller. 
The ester boils at 140° to 141° C. at 9 to 10 mm.,® and reacts with 
ammonium hydroxide to form an amide, NH,.CO.CH,.PO(OC,H;)., 
white glistening needles, M.pt. 78° to 80° C. (corr.).4 

~P-Monoethyl phosphinoacetate, HOOC.CH,.PO(OH)(OC,H,), is 
formed when the preceding compound is hydrolysed by boiling with 
sodium hydroxide or dilute hydrochloric acid. It also occurs when 
methyl diethyl phosphinoacetate, CH,0,C.CH,.PO(OC,H;)., B.pt. 
131-5° to 182° C. (corr.) at 9 mm., is hydrolysed. Sodiwm and silver 
salts of the monoester are known. 

C-Monoethyl phosphinoacetate, C,H;0,C.CH,.PO(OH),.— 
Phosphinoacetie acid (3 grams) is boiled for 4 hours with 15 grams of 
5 per cent. hydrochloric acid in absolute alcohol solution, and the 

1 Nylén, Ber., 1924, 57, [B], 1023. 
2 Arbusoff and Kamai, J. Russ. Phys. Chem. Soc., 1929, 61, 619. 


3 Compare Arbusoff, ibid., 1906, 38, 161, 293, 687. 
4 Nylén, loc. cit. 
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mixture then evaporated on the water-bath. The residue is dried for 
several days in vacuo over potassium hydroxide and phosphorus pent- 
oxide, a viscous syrup resulting. This is very soluble in water, alcohol 
or ether, insoluble in benzene. The neutral sodium salt solution gives 
white precipitates with salts of zinc, manganese, lead or silver. Copper 
sulphate gives a blue voluminous precipitate. 3 

Phosphinoacetic acid, HOOC.CH,.PO(OH),, is prepared by 
heating the triethyl ester with 1 per cent. hydrochloric acid, first on 
a water-bath for five hours, then in a sealed tube at 140° to 160° C. 
The solution is evaporated to dryness and the residue recrystallised 
from acetic acid or water, when shining prisms or rhomboids are obtained, 
M.pt. 142° to 148° C. (corr.). The acid is readily soluble in water, 
alcohol, acetone or acetic acid, insoluble in ether, benzene or chloroform. 
In warm weather the acid is hygroscopic. It decomposes 7n vacuo at 
about 280° C. It behaves towards thymolphthalein as a tribasic acid. 
The following salts are known: Disodiwm hydrogen salt, diammonium 
hydrogen salt, potassium dihydrogen salt, normal calcium salt (H,O), 
normal barium salt (HO), copper hydrogen salt (2H,0), normal copper 
salt (8H,O), normal manganese salt (6H,O), normal zine salt (HO), 
normal lead salt, normal silver and disilver hydrogen salts. 

Phosphinoacetyl trichloride, ClIOC.CH,.POCI,, is the product of 
reaction between the foregoing acid and phosphorus pentachloride. 
It is a colourless liquid, B.pt. 79° to 80°.C. at 1 to 2 mm. It has a 
faint odour resembling that of phosphorus pentachloride, and is heavier 
than water, by which it is slowly decomposed. 

Phosphinoacetic trianilide, C,H,.NH.CO.CH,.PO(NH.C,H;)., is 
the condensation product of the trichloride and aniline. It separates 
from alcohol as colourless needles, M.pt. 191-5° to 192-5° C. (corr.), 
and dissolves in warm alcohol, ether, or benzene, but is insoluble in 
water. The tri-p-tolwidide forms colourless needles, M.pt. 190° to 
12 Cy (err. ). 

Phosphinoacethydrazide, NH,.NH.CO.CH,.PO(OH),. — Ethyl 
phosphinoacetate is transformed to the hydrazide by boiling with 
hydrazine hydrate. With acetone the hydrazide forms the compound, 
(CH,),C =N.NH.CO.CH,.PO(OH),, melting with decomposition at 185° 
to 186° C. 

Ethyl phosphinoformate, C,H,0,C.PO(OC,H;),, obtained from 
triethylphosphite, sodium diethylphosphite, and ethyl chloroformate, is 
a colourless liquid, B.pt. 122-5° to 128° C. (corr.) at 8 mm." It yields 
an amide, NH,.CO.PO(OC,H;)., M.pt. 134° to 135° C. (corr.). The ester 
is hydrolysed by boiling water or acids to carbonic and phosphorous 
acids, whereas with sodium hydroxide the main product is sodiwwm 
phosphinoformate, which salt is neutral towards thymolphthalein and 
alkaline towards phenolphthalein. The phosphinoformates of ze 
(12H,O), manganese (12H,O), copper (8H,0), lead and silver are known. 

Ethyl benzyldiethylphosphinoacetate,? C,H;0,C(C,H,)CH. 
PO(OC,H,),, obtained in the usual manner, boils at 180° C. at 3 mm., 
and benzylphosphinoacetic acid, HOOC.CH(C,H,).PO(OH),, melts at 
137° to 145° C. 

a-Phosphinopropionic acid,? HOOC.CH(CH;).PO(OH),.—Ethyl 

1 Compare Arbusoff, loc. cit. 
2 Arbuzoff and Razumoff, J. Russ. Phys. Chem. Soc., 1929, 61, 623. 
8 Nylén, loc. cit. 
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a-phosphinopropionate, B.pt. 180-5° to 182-5° C. at 10-5 mm., prepared 
from the ethyl ester of a-bromopropionic acid and triethyl phosphite, 
is heated with water at 140° to 150° C., filtered and the filtrate treated 
with lead acetate. This precipitates the lead salt of the acid, from 
which the free acid is obtained as a hygroscopic mass melting indefinitely 
at 75° to 95° C. The normal silver and manganese salts are known. 

Ethyl a-diethylphosphinopropionate, C,H,O0,C.CH(CH;). 
PO(OC,H;),,! occurs along with a-diethylphosphinopropionic acid when 
ethyl sodiophosphinoacetate is condensed with methyl iodide. The 
acid cannot be distilled without decomposition; the ester boils at 
127° C. at 5 mm. These products on hydrolysis yield a-phosphino- 
propionic acid, M.pt. 119° to 182° C. (note M.pt. already given). Better 
yields of the phosphinopropionic ester are obtained using the potassium 
salt of ethyl phosphinoacetate in the preparation, no diethylphosphino- 
propionic acid being obtained in this case. 

Ethyl B-phosphinopropionate,? C,H,;0,C.CH,.CH,.PO(OC,H;)., 
is obtained by the successive addition of ethyl phosphite and ethyl 
B-iodopropionate to sodium ethoxide suspended in ether. The yield 
is about 35 per cent. and the ester is a colourless, odourless liquid, 
B.pt. 149-5° to 150° C. (corr.) at 10 mm., density 1-1021 at 16-7° C. 
It dissolves in water and organic solvents. Alcoholic ammonia converts 
it into the corresponding C-amide, M.pt. 61° to 62-5° C. (corr.), crystal- 
lising in needles, soluble in water, alcohol or warm benzene, sparingly 
soluble in warm ether. 

B-Phosphinopropionic acid, HOOC.CH,.CH,.PO(OH),, is the 
hydrolysis product of the foregoing ester. It forms rectangular prisms, 
M.pt. 178° to 180° C. (corr.). The disilver salt of the P-monoethyl 
ester, CO,Ag.CH,.CH,.PO(OC,H;)(OAg), is known. The acid is con- 
verted by ethyl alcohol and hydrogen chloride into the C-monoethyl 
ester, C,H,O,C.CH,.CH,.PO(OH),, glistening plates, M.pt. 64-5° to 
66° C. (corr.), which forms zinc, manganese, calcium, silver and copper 
salts. B-Phosphinopropionic acid itself forms the following salts : 
disodium hydrogen salt, normal calcium salt (H,0), normal barium salt 
(6H,O), zine salt (BH,O), manganous salt (7H,O), lead and silver salts. 

y-Phosphinobutyronitrile ethyl ester, CN.CH,.CH,.CHs. 
PO(OC,H,)., is prepared by the condensation of sodium diethyl phosphite 
with y-chlorobutyronitrile in ether solution. It boils at 163° to 164° C. 
at 8 mm. and has a density of 1-0885 at 17° C. 

y-Phosphino-n-butyric acid, HOOC.CH,.CH,.CH,.PO(OH),. 
—The preceding nitrile is hydrolysed by heating with 20 per cent. 
hydrochloric acid on the water-bath for ten hours, followed by three 
hours’ heating in an autoclave at 140° to 150° C. It crystallises from 
water in prisms or rhombic crystals, sintering at 122° C. and melting 
at 127° to 128° C. (corr.). It forms the following salts : normal bariwm 
salt (6H,O), calcium salt, copper salt (41,0), lead salt, silver salt, 
manganous hydrogen salt (H,O) and zine hydrogen salt (H,0). The 
C-monoethyl ester, C,H;0,C.CH,.CH,.CH,.PO(OH),, separates as 
rhombic crystals, M.pt. 76° to 77° C., and forms sodium, zinc, manganese, 
copper, calcium, lead and silver salts.* 


1 Arbuzoff and Razumoff, loc. cit. 2 Nylén, Ber., 1926, 59, [B], 1119. 
3 German Patent 299992 (Chem. Zentr., 1917, ii, 510) deals with the production of 
organic compounds of phosphorus. Unsaturated hydroxy-fatty acids of high molecular 
weight when treated with phosphorus tri- or oxy-halide yield as primary products acid 
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THE THERMAL DECOMPOSITION OF QUATERNARY PHOSPHONIUM 
HyDROXIDEs.! 


Trimethylethylphosponium hydroxide, (CH,),(C,H,;)POH, is 
obtained in the usual manner from the corresponding iodide. The 
latter is converted by sodium picrate into trimethylethylphosphonium 
picrate, separating from water in long needles, M.pt. 290° C. Thermal 
decomposition of the hydroxide gives an 88 per cent. yield of methane 
calculated on the iodide, and dimethylethylphosphine owide, B.pt. 223° 
to 225° C., M.pt. 73° to 75° C., is obtained as a very hygroscopic com- 
pound, which gives an oily salt with trichloroacetic acid ; it also appears 
that there is a definite but minor side-reaction (< 5 per cent.) in which 
hydrogen is formed. 

Methyltriethylphosphonium hydroxide, (CH,)(C,H,),POH, de- 
composes when heated, giving about an 89 per cent. yield of methane 
calculated on the original iodide, and triethylphosphine oaide, B.pt. 
238° to 240° C., M.pt. about 46° C., the corresponding chromate melting 
at 99° to 100° C. Methyltriethylphosphonium picrate separates from 
alcohol in prisms, M.pt. 239° C. 

Triethyl - n - propylphosphonium hydroxide, (C,H;), 
(C,H,)POH.—The corresponding iodide is prepared by allowing n-propyl 
iodide and triethylphosphine in absolute alcohol to stand overnight 
at 30° C., the compound then being precipitated by ether and recrys- 
tallised from alcohol, from which it separates in colourless needles. 
The picrate, obtained from the iodide, is deposited from alcohol in 
rosettes of foliated needles, M.pt. 91° C. The hydroxide, also formed 
from the iodide, undergoes thermal decomposition, giving a 90 per cent. 
yield of hydrocarbons calculated on the iodide used, and phosphine 
oxides, B.pt. 245° to 247° C., M.pt. about 37° C. The hydrocarbons do 
not contain olefins and no phosphines are isolated. 

Tri -n - propylethylphosphonium hydroxide, (CAH. 
(C,H,)POH.—When tri-n-propylphosphine and ethyl iodide react at 
the ordinary temperature, they yield tri-n-propylethylphosphonium 
iodide, which separates from alcohol-ethyl acetate in needles, and may 
be converted to the picrate, crystallising in needles from benzene- 
ligroin, M.pt. 64° C. Distillation of the hydroxide gives a 90 per cent. 
yield of hydrocarbons calculated on the iodide and a mixture of 
phosphine oxides, B.pt. 253° to 257° C. 

Tri -n- propyl -n-butylphosphonium hydroxide, (C,H,), 
(C,H,)POH.—The corresponding iodide separates from ethyl acetate 
as needles, M.pt. 239° to 240° C., and yields a prcrate, consisting of 
small prisms from dilute acetic acid, M.pt. 67° C. Decomposition of 
the hydroxide yields phosphine oxides and an 85 per cent. yield of 
hydrocarbons calculated on the iodide used. 


halides in which the hydroxyl group is intact. Hydrolysis of these products with water 
gives phosphorus derivatives of the free hydroxy-acids, which may be converted into salts 
of the alkaline earth metals. Ricinstearolic acid and ricinolic acid when treated with 
phosphorus trichloride or tribromide yield compounds (C,,H;;0;,P and C,sH;,0;P 
respectively. 

Phosphorus derivatives of unsaturated higher fatty acids are dealt with in German 
Patents 257641, 271158, 271159 and 273219. These patents deal with compounds from 
stearolic and behenolic acids and their derivatives. The derivatives are probably of 
similar type to the products obtained in the arsenic series (see this Vol., Part II, p. 60). 

1 Fenton and Ingold, J. Chem. Soc., 1929, p. 2342. 
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Tri-n-propyl-n-octylphosphonium hydroxide, (C,H,); 
(C,H,,)POH, is obtained from the corresponding bromide, which is the 
condensation product of tri-n-propylphosphine and n-octyl bromide. 
The liquid bromide may be converted to the zodide by means of sodium 
iodide in alcohol, or into the chloride through the hydroxide, but these 
salts are also liquids. The chloroaurate separates from alcohol in 
prisms, M.pt. 38°C. Distillation of the hydroxide gives a 19-8 per cent. 
yield of octane and a 66-2 per cent. yield of propane. 

Tri - n - butyl - n - propylphosphonium hydroxide, (C,Hg)s;. 
(C,H,)POH, on distillation yields phosphine oxides and a gas which 
corresponds to propane, 26 vols. per cent., and butane, 74 vols. per cent. 

Trimethylphenylphosphonium hydroxide, (CH,),(C,H,;)POH. 
—The iodide used in the preparation of this hydroxide melts at 
236° C. The picrate separates from water in yellow needles, M.pt. 
132° to 133° C.1 The hydroxide decomposes on distillation, giving 
benzene and trimethylphosphine oxide. Nitration of the picrate at 
60° C. with equal volumes of fuming nitric and sulphuric acids yields 
m-nitrophenyltrimethylphosphonium picrate, M.pt. 166° to 167° C. 

Trimethylbenzyiphosphonium hydroxide, (CH,),(C,H,)POH. 
—The corresponding bromide separates from alcohol-ligroin in needles, 
M.pt. 222° C., and the prcrate forms prisms, M.pt. 173° C. Thermal 
decomposition of the hydroxide yields trimethylphosphine oxide and 
toluene. Nitration of the picrate yields p-nitrobenzyltrimethylphos- 
phonium picrate, consisting of needles, M.pt. 188° to 189° C.; the 
corresponding ortho- and meta-compounds are prepared from trimethy]l- 
phosphine and o- or m-nitrobenzyl chloride, the o0-nitro-derivative 
forming small needles, M.pt. 152° to 158° C., and the m-nitro-compound 
giving needles, M.pt. 171° to 172° C. 

Triphenylbenzylphosphonium hydroxide, (C,H;),(C,H,)POH. 
—The corresponding bromide crystallises from water or alcohol-ethyl 
acetate in needles, M.pt. 288° C. Thermal decomposition of the 
hydroxide gives a 100 per cent. yield of triphenylphosphine oxide 
(pure product M.pt. 154° to 156° C.) and a 70 per cent. yield of 
toluene. 

Triethyl- 6-phenylethylphosphonium hydroxide, (C,H,)3(C,H,.. 
C,H,)POH.—The corresponding chloride is a syrup, and the picrate: 
separates from chloroform-ligroin in prisms, M.pt. 70° C. Distillation: 
of the hydroxide yields ethylbenzene (84-1 per cent.), styrene (4:5: 
per cent.), ethane (6-6 per cent.) and triethylphosphine oxide. 

Tri - n - butyl - Bf - diphenylethyiphosphonium hydroxide, 
(C,H,)s|(CgH;).C,H,|POH, when distilled, gives tri-n-butylphosphine, 
asym.-diphenylethylene, 10 per cent. of asym.-diphenylethane, and a 
small quantity of a viscous syrup, probably tri-n-butylphosphine oxide. 

w - Carbethoxytrimethylphosphonium hydroxide, (CH,;). 
(C,H;CO,)POH.—The corresponding chloride, from trimethylphosphine 
and ethyl chloroacetate, forms hygroscopic needles, melting with de- 
composition at 160° C. The picrate separates from alcohol in rhombs, 
M.pt. 124° to 125° C. Distillation of the hydroxide gives trimethyl- 
phosphine oxide and small quantities of alcohol, the identification of 
other products not appearing to have been very satisfactory. 


1 Compare Ingold, Shaw and Wilson, J. Chem. Soc., 1928, p. 1280. 
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PHOSPHAZINES, PHOSPHENEMETHYLENE DERIVATIVES AND 
PHOSPHINIMINES. 


O 
Ve 
C,H, ok 
ee cat, 


The above compound is obtained by the combination of diphenyl- 
keten with triethylphosphine in absolute ether, the body immediately 
being precipitated as a faint yellow hygroscopic mass. The crystals are 
stable in dry ether, but with water triethylphosphine and diphenylacetic 
acid are formed. The compound sinters at about 80° C. and is com- 
pletely decomposed at 100° C.; heating in a test-tube drives off tri- 
ethylphosphine, and orange-coloured diphenylketen remains. In ether 
or petroleum ether the body is insoluble, but in benzene an orange- 
yellow solution is obtained, showing dissociation ; addition of aniline 

to the solution gives diphenylacetanilide. 

Triethylphosphine fluorenone azine,’ 
} hole 

(C,H;),P =N—N me | 
CoH, 


To a solution of 18-6 grams of diazofluorene in 120 c.c. of benzene, in 
a nitrogen atmosphere and with ice cooling, 11:2 grams of triethyl- 
phosphine diluted with 20 c.c. of benzene are slowly added. Heat is 
evolved and after ten minutes thick yellow crystals separate, which, 
after 14 hours, are removed and washed with ether (yield, 19-1 grams). 
The phosphazine thus obtained melts at 154° to 158° C., and is very 
sensitive to moisture, so that it cannot be recrystallised from moist 
solvents. Rapid crystallisation from hot benzene gives golden-yellow 
crystals, M.pt. 160° C. When heated above its melting-point the com- 
pound decomposes with evolution of nitrogen. It forms a basic addition 
product with methyl iodide, a faintly yellow powder, M.pt. 109° to 118° C. 
Dilute hydrochloric and sulphuric acids dissolve the phosphazine 
unchanged, but heating with concentrated acid decomposes it, as also 
does the prolonged action of cold concentrated acid. Hydrogen chloride 
gives a yellow hydrochloride which decomposes in moist air. The 
phosphazine is soluble in carbon disulphide, the solution being dark 
blue-violet. Short boiling with alcohol gives fluorenone hydrazine; if 
this is removed and the mother liquor evaporated, a residue of triethyl- 
phosphine oxide remains. By the action of chloroform-alcohol mixture 
on the phosphazine, a compound containing no phosphorus is obtained, 
probably bi-diphenylenetetrahydrotetrazine, 


N==—=N 
CH CC Sc(CHy)s 
(CHC (Cott) 


Triethylphosphine benzophenone azine, (C,H;),P =N—N= 
C(C,H;)., is obtained by the interaction of diphenyldiazomethane and 
triethylphosphine in petroleum ether, employing a carbon dioxide 
atmosphere and cooling, the phosphazine soon separating in yellow 


1 Staudinger and Meyer, Helv. Chim. Acta, 1919, 2, 612. 
2" [oid., p. 619. 
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crystals. The body is not very stable and decomposes if allowed to 
stand for an hour, bi-diphenyltetrahydrotetrazine being formed. 
Phenyldiethylphosphine benzophenone azine, 


C,H C,H 
6 Np =n—nacé 6tt5 
(Can C,H; 


is obtained from diphenyldiazomethane and diethylphenylphosphine 
in ether. It forms faintly yellow crystals, M.pt. 113° C., which begin 
to evolve nitrogen at 160° C. When boiled for one hour with dilute 
alcohol the body is hydrolysed to benzophenone hydrazone, and from 
the evaporated mother liquor diethylphenylphosphine oxide is obtained. 
Dilute and concentrated hydrochloric acid solutions of the phosphazine 
are colourless; concentrated sulphuric acid solutions are yellow, 
changing to colourless on dilution. 

Triphenylphosphine benzophenone azine (C,H,;),P =N—N = 
C(C,H,;),, is prepared from triphenylphosphine and diphenyldiazo- 
methane in petroleum ether-ether mixture. The yield is about 88 per 
cent. and the product is a white, crystalline powder, melting with 
decomposition at 173° C., readily soluble in chloroform or benzene, 
sparingly soluble in ether or light petroleum. The compound remains 
stable after keeping for several weeks. Prolonged boiling with alcohol 
converts it into triphenylphosphine oxide and benzophenone hydrazone. 
The azine is sparingly soluble in dilute hydrochloric and sulphuric 
acids ; in concentrated sulphuric acid it dissolves readily, giving a 
yellow solution, from which it is precipitated unchanged on the addition 
of water. Hydrogen chloride yields a hydrochloride, a white, crystalline 
powder, decomposing at about 180° C. and containing about 2 molecules 
of hydrochloric acid ; it is only sparingly soluble in benzene. 

Triphenylphosphine glyoxyl ester azine, (C,H,;),P =N—N = 
CH.CO,C.H,, occurs when triphenylphosphine and diazoacetic ester in 
ether solution are allowed to stand for a month. It crystallises from 
ether-benzene solution in white crystals, M.pt. 118° to 114° C.1 

Triphenylphosphine fluorenone azine, (C,H;),P =N—N= 
C(C,H,),, is the condensation product of triphenylphosphine and 
diazofluorene, but the action is much slower than with triethylphosphine. 
The product forms golden-yellow crystals, M.pt. 204° to 205° C. It 
may be kept for a month without decomposing, and may be recrystallised 
from alcohol without hydrolysis. On recrystallisation it yields yellow, 
compact crystals, M.pt. 209° to 210° C. When heated to 220° C. it 
suddenly evolves nitrogen. It is a much feebler base than the tri- 
ethylphosphine derivative and it does not add on methyl iodide. It 
dissolves in dilute or concentrated hydrochloric acid, is insoluble in 
dilute sulphuric acid, but in concentrated sulphuric acid yields an 
orange-red solution, which, on dilution with water, deposits the base 
unchanged. It resembles the triethylphosphine derivative in forming 
an addition product with 2 molecules of hydrochloric acid. 

Phenyldiethylphosphine fluorenone azine, (C,H;)(C.H;), 
P=N—N =C(C,H,)., obtained from phenyldiethylphosphine and diazo- 
fluorene, is a yellow, crystalline product, melting at 115° C., and losing 
nitrogen at 220° to 270° C. It is fairly stable and can be recrystallised 


1 The products obtained from triethylphosphine and phenyldiethylphosphine with 
diazoacetic ester have not been analysed. 
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from benzene or chloroform, but is only sparingly soluble in ether or 
petroleum ether. After keeping for 5 weeks the compound decomposes. 
It is hydrolysed by aqueous alcohol on heating on the water-bath, yield- 
ing fluorene hydrazone and phenyldiethylphosphine oxide. The azine 
possesses feeble basic properties, is slightly soluble in dilute hydrochloric 
and sulphuric acids, dissolves in concentrated hydrochloric acid to 
give a yellow solution, and in concentrated sulphuric acid yielding a 
scarlet solution which becomes colourless on dilution. 

Triphenylphosphine diphenylmethylene, (C,H,),P =C(C,H;).,? 
is the decomposition product of triphenylphosphine benzophenone 
azine when the latter is heated in an oil-bath in an atmosphere of 
nitrogen for 15 minutes at 185° to 195° C. It is decomposed by water 
or alcohol, but separates from benzene in garnet-red plates containing 
about 2 molecules of benzene. The latter is difficult to remove, even 
by heating in vacuo at 40° to 50° C. The pure product melts to a deep 
red liquid at 170° to 172° C. When heated with dilute hydrochloric 
acid it gives a colourless solution, from which the hydrochloride of 
triphenylbenzhydrylphosphonium hydroxide separates as white needles 
on cooling, M.pt. 240° to 242° C. Triphenylphosphine diphenyl- 
methylene reacts with carbon disulphide? on heating for 16 hours at 
60° C.; triphenylphosphine sulphide separates on cooling, and the 
mother liquor, after removing the solvent and treating with acetic 
acid, gives a further quantity of the sulphide, polymerised keten and 
a yellow amorphous product. 

Triphenylphosphine phenylimine, (C,H,;),P =NC,H;.*—This 
occurs when triphenylphosphine condenses with phenyl azide in ether 
solution. The reaction is very violent and a vigorous evolution of 
nitrogen takes place, the product separating out as a white powder, 
M.pt. 181° to 182° C. after crystallisation from ether. By slow crys- 
tallisation, plates are obtained, readily soluble in benzene, sparingly 
soluble in petroleum ether. The compound shows feeble basic properties, 
being somewhat soluble in dilute hydrochloric or sulphuric acid, and 
when boiled is hydrolysed to triphenylphosphine oxide and aniline. 
Cold concentrated sulphuric acid dissolves the compound, and dilution 
of the solution with water precipitates triphenylphosphine oxide, 
aniline sulphate remaining in solution. Boiling for a short time with 
carbon disulphide gives triphenylphosphine sulphide, M.pt. 156° to 
158° C., and phenylthiocarbimide. Triphenylphosphine oxide and 
sulphide are similarly obtained when the compound is gently warmed 
with phenylcearbimide or phenylthiocarbimide, respectively. 

Triphenylphosphine-p-tolylimine, (C,H,;),P =N.C,H,.CH3, is 
isolated from triphenylphosphine and p-tolyl azide in 93 per cent. 
yield. It forms faintly yellow crystals from ether, M.pt. 134° to 135° C. 
If carbon dioxide be passed into the molten compound, triphenyl- 
phosphine oxide and p-tolylisocyanate result, and with carbon disul- 
phide, triphenylphosphine sulphide and _ p-tolylthiocarbimide are 
obtained. 

Triphenylphosphine-m-xylylimine, (C,H,;),P =N.C,H,(CH3),, 
occurs in 85 per cent. yield when m-xylyl azide is used in the foregoing 
reaction. The product melts at 180° to 131° C. and gives similar 


1 Staudinger and Meyer, loc. cit., 1919, 635. 
2 Staudinger, Rathsam and Kjelsberg, loc. cit., 1920, 3, 853. 
3 Staudinger and Meyer, loc. cit. 
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results with carbon dioxide and carbon disulphide as the preceding 
derivative. nay 

Phosphorus trichloride and phenyldichlorophosphine do not react 
with phenyl azide. 


Cy ANURPHOSPHINIMINES.|! 


-Cyanurdi-triphenylphosphinimine monoazide, 


‘ | 
( ( 
N : 
ea ae — ee bas a 


Triphenylphosphine (7-5 grams) is dissolved in 40 c.c. of absolute 
alcohol and to the solution 2-7 grams of cyanurtriazide in 100 c.c. of 
absolute ether are added in small portions. After a time the solution 
becomes intense green in colour and nitrogen is evolved. A white 
crystalline powder separates and the reaction is completed by warming 
for a short time under reflux. The product is filtered off and well 
washed with ether to remove any unchanged starting materials. The 
yield is practically theoretical and the product is a light, odourless 
powder, melting with decomposition at 248° C. It dissolves readily 
in acetone or benzene, is sparingly soluble in hot alcohol and insoluble 
in ether. 

Cyanurtri-triphenylphosphinimine.—3 grams of the preceding 
compound and 2 grams of triphenylphosphine are mixed together and 
heated in an oil-bath to 180° C. The mixture melts and nitrogen is 
evolved, a pale brown mass resulting. This is triturated with ether. 
and washed with the same solvent. The resulting product crystallises 
from xylene in white needles, M.pt. 239° C., soluble in hot alcohol, 
acetone, benzene or xylene, insoluble in ether.? 7 


PHOSPHORUS DERIVATIVES OF THIOPHENE.? 


Thienyldichlorophosphine, 
CH—CH 
cme 
CH C.Pek 
ee 


is obtained only in small yield when thiophene reacts with phosphorus 

trichloride in the presence of aluminium chloride. When the mixed 

vapours of thiophene and phosphorus trichloride are passed for 8 days 
1 Kesting, J. prakt. Chem., 1923, (2), 105, 242. 


2 Compare the following reaction (Staudinger and Meyer, Helv. Chim. Acta, 1919, 
2, 635; Ber. 1921, s4,..179).: 


CeHi;N, +(C,H,),P'——> C.AL.N=N—N = P(C,H;)3 —~> C,H,N = P(C,H,), +N, 
3 Sachs, Ber., 1892, 25, 1514. 


+2N, 
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over pumice heated to dull redness, only 14 grams of the dichloro- 
phosphine result from 100 grams of thiophene, 60 grams of the latter 
being recovered. The product boils at 218° C. and is decomposed by 
water to the phosphinous acid. ‘Treatment with chlorine yields a tetra- 
chloride, decomposed by water to the oxychloride and finally the phos- 
phinic acid. The oxychloride, C,H,S.POCI,, is best obtained by treating 
the tetrachloride with sulphur dioxide; it boils at 258° to 260° C. 

Thienylphosphinous acid, C,H,S.P(OH),, prepared as stated in 
the foregoing, forms needles, M.pt. 70° C., and has similar properties to 
the corresponding phenyl compound. 

Thienylphosphinic acid, C,H,S.PO(OH),, obtained from the 
tetrachloride and water, separates from the latter solvent as. short 
needles, M.pt. 159° C., readily soluble in water or alcohol, less soluble 
in ether, insoluble in benzene. The normal silver salt is a white powder, 
soluble in ammonium hydroxide and nitric acid. 

Thienyldiethylphosphine, C,H,S.P(C.H;),., is formed by the 
condensation of zine diethyl and thienyldichlorophosphine in ether 
solution. It is a pale yellow, pungent liquid, B.pt. 225° C. With 
methyl iodide it gives thienyldiethylmethylphosphoniwm iodide, a white 
powder, M.pt. 122° C., readily soluble in water or alcohol, insoluble in 
ether. The corresponding phosphonium chloride gives a platinichloride, 
a yellow crystalline powder. Thienyltriethylphosphonium iodide has 
been isolated, but the reaction by which it is prepared is not so violent 
as with methyl iodide. 


PHOSPHORUS COMPOUNDS OF THE CARBAZOLE SERIES.! 


9-Alkyl (or benzoyl)-carbazole phosphinous acids are formed when 
phosphorus trichloride reacts with 9-alkyl (or benzoyl)-carbazoles. 
9-Methylcarbazole-3-phosphinous acid, 


aN 2 POH), 


iE 


SNA 
NCH, 
9-Methylearbazole is heated at 150° C. and slowly treated with phos- 
phorus trichloride. After cooling, the melt is added to a mixture 
of sodium hydroxide (density 1-36) and ice. The whole is extracted 
with ether, concentrated, and the phosphinous acid precipitated by 
the addition of acid. The resulting carbazole derivative is very re- 
sistant to acids. 9-EHthylcarbazole-3-phosphinous acid is obtained by 
a similar process. 


Tur INTERACTION OF BENZOPHENONE AND HyPporpHOSPHOROUS 
ActIp.” 


When benzophenone and hypophosphorous acid are heated together 
for some days, a homogeneous mixture is obtained. The mass is 
extracted with hot water, the addition of lead acetate to the solution 
precipitating the lead salt of an acid of the formula HO.C(C,H;).. 
P(OH),. This salt is insoluble in water, but dissolves in acetone, 
alcohol or ether. The free acid, obtained by decomposition of the lead 

1 British Patent, 258744 (1925). 
2 Marie, Compt. rend., 1903, 136, 508. 
emi ere TTT: 1] 
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salt with hydrogen sulphide, crystallises from water in thin plates, 
M.pt. 150° to 151° C. It is soluble in all common solvents except ether, 
is stable towards alkalis and may be boiled with hydrochloric acid 
without decomposition. Oxidation with bromine gives an acid of 
composition HO.C(C,H;),.PO(OH).,, M.pt. 184° to 185° C., which is 
dibasic, and yields insoluble salver and barium salts. 


THE INTERACTION OF AROMATIC ALCOHOLS AND HyPoOPHOSPHOROUS 
Acirp.1 


Triphenylmethylphosphinous acid, (C,H;),C.P(OH),, is formed 
when triphenylearbinol is heated with hypophosphorous acid and the 
yellow product boiled with sodium hydroxide. The acid melts at 
94° C. An oily residue of triphenylmethane remains and a little 
triphenylearbinol is recovered. When the reaction is carried out with 
sodium hypophosphite in the presence of acetic acid and sulphuric 
acid, the carbinol is almost completely converted into the acid, whilst 
the presence of acetic acid alone gives an almost quantitative yield of 
the hydrocarbon. 

Tetramethyldiaminobenzhydrylphosphinous acid, CH[C,H,. 
N(CH3).,]..P(OH),, is obtained together with the corresponding hydro- 
carbon when hypophosphorous acid reacts with ‘ Michler’s hydrol.” © 
The acid yields colourless crystals, M.pt. 90° C., and reduces alcoholic 
silver nitrate on boiling. 

In a similar manner dinaphthapyranol forms dinaphthapyran and 
dinaphthapyrylphosphinous acid : 


Stl 
O CH.P(OH 
<  YCH.P(OH), 
Ci oH, 


No further details of this product have been given. 


INDOLYLPHOSPHINES.” 


The indolylphosphines are colourless and odourless. The 2- and 
3-indolyl compounds yield N-silver derivatives, soluble in ammonium 
hydroxide, and are unaffected by boiling concentrated alkali hydroxide. 
The 1-indolyl compounds, on the other hand, form no silver deriva- 
tives and yield phosphine on treating with moist solvents or boiling 
with water. 

Tri-3-indolylphosphine, (C,H,N),P.—Indole, magnesium and 
ethyl bromide are caused to react, when magnesium indole results. 
This substance reacts with phosphorus trichloride in ether to give 
tri-3-indolylphosphine, M.pt. 195° to 196° C., and a small quantity of 
tri-1-indolylphosphine, M.pt. 223° to 225° C. The separation of these 
two derivatives is effected by treatment with acetone. 

Tri-2-methyl-1-indolylphosphine, (C,H,N),P, is produced by 
the interaction of magnesium 2-methylindole and phosphorus trichloride. 
It melts at 180° C. If magnesium 3-methylindole is used in the con- 
densation, tri-3-methyl-2-indolylphosphine, M.pt. 156° to 158° C., results, 
and from it a methiodide is obtained, M.pt. 171° C. 


1 Fosse, Compt. rend., 1910, 150, 178; Budll. Soc. chim., 1910, [iv], 7, 228, 231. 
2 Mingoia, Gazzetta, 1930, 60, 144. 
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PHOSPHINIC ACIDS FROM SOME UNSATURATED DERIVATIVES.! 


One of the chlorine atoms in phosphorus pentachloride appears to 
hold a unique position in that the products of the reaction with indene, 
styrene, a-methylstyrene and asym.-diphenylethylene in cold benzene 
solution, suffer hydrolysis accompanied by intramolecular separation 
of the fifth chlorine atom as hydrogen chloride when treated with water. 
At much higher temperatures certain indones add on two chlorine 
atoms when treated with phosphorus pentachloride, this decisively 
indicating the fission PCl; = PCl, + Cl,. 

Indenyl-2-phosphinic acid, 


Finely powdered phosphorus pentachloride (105 grams) is suspended 
in 250 c.c. of dry benzene and 29 grams of indene added dropwise, 
moisture being excluded during the operation. A little hydrogen 
chloride is evolved, and after standing overnight, the colourless 
reaction mixture is poured into a large volume of water. A violent 
hissing results, accompanied by a sluggish evolution of hydrogen 
chloride ; complete solution is attained and in time the required acid 
separates. After several hours this is removed and dried, about 32 
grams of crude product resulting. Crystallisation from 100 c.c. of 
acetic acid gives 25 grams of white crystals, M.pt. 184° C., turning 
deep red at 200° C., probably owing to oxidation to indone-2-phosphinic 
acid. The acid is monobasic towards methyl orange and dibasic 
towards phenolphthalein. The silver hydrogen, lead, mercurous, thallous, 
copper, mercuric, cadmium, nickel, ferric, ferrous, aluminium, barvwm 
and calcium salts are known. ‘The acid is stable towards bromine, but 
the presence of the ethylenic linking is established by its conversion 
to hydrindyl-2-phosphinic acid. In the foregoing preparation the 
compound formed by the interaction of indene and phosphorus penta- 
chloride, prior to the action of water, probably has the constitution 


—CHCl 
L dace 
CH, 
Hydrindyl-2-phosphinic acid, 


eS 
ee | AELPO(OT), 
GH, 
A solution of 2 grams of indenyl-2-phosphinic acid in 25 ¢.c. of propyl 
alcohol is boiled for two hours with one gram of palladised barium 
sulphate, a stream of hydrogen being passed through the solution 
during the operation. After filtration, the solution is evaporated in 
vacuo at 50° C., and the residue crystallised from acetic acid and washed 
with methyl alcohol. About 0-6 gram of white prisms is obtained, 
1 Bergmann and Bondi, Ber., 1930, 63, [B], 1158. 
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M.pt. 196° C. to a colourless liquid, the product yielding a water- 
insoluble selver salt. 
1-Benzylidene indenyl-2-phosphinic acid, 


Four grams of indenyl-2-phosphinic acid in 30 ¢.c. of absolute alcohol, 
1-4 grams of sodium in 40 c.c. of absolute alcohol, and 2-1 grams of 
benzaldehyde in the same solvent, are shaken together on a machine 
for three days. The yellow product is removed, washed with a little 
alcohol and dissolved in hot water. After filtration the solution is 
acidified with hot dilute sulphuric acid and placed in an ice-chest for 
twelve hours. The yellow needles which separate (2 grams) are washed 
with a little ice-cold water, the product melting at 188° to 189° C. and 
becoming red. The acid yields stlver, lead and ferric salts. 

In a similar manner J-anisylideneindenyl-2-phosphinic acid, M.pt. 
192° C., and JI-piperonylideneindenyl-2-phosphinic acid, M.pt. 194° C., 
are isolated as yellow needles showing decomposition on melting. 
The formule of these two compounds are as follows :— 


i es 2S Or 
| | 
we /&-PO(OH), | heoom, 
v v 
I | 
CH.O,H,.0CH, OH.G,H,=0,CH, 


Styryl-{-phosphinic acid, 


on —CH.PO(0H), 


is obtained from styrene and phosphorus pentachloride in benzene 
solution in a similar manner to indenyl-2-phosphinic acid. It forms 
white needles, M.pt. 146° C., and there are indications of cis-trans 
isomerides being formed. The silver, lead, mercurous, thallous, ferrous, 
ferric, copper, nickel, barium and calcium salts are known. Hydro- 
genation of the acid yields phenylethylphosphinic acid, M.pt. 137° 
to 188° C. 
a-Methylstyryl-6-phosphinic acid, 


Ree =CH.PO(OH), 


a 


prepared by condensing a-methylstyrene with phosphorus penta- 
chloride and treating the resulting product with water, melts at 95° C., 
and yields silver, lead, mercurous, ferrous, ferric, nickel, barium and 
calcwum salts. The corresponding hydrogenated acid is an oil. Oxida- 
tion of a-methylstyryl-f-phosphinie acid by chromic acid affords 
acetophenone. . 


—S 
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6B8-Diphenylvinylphosphinic acid, 


is prepared from the interaction of asym.-diphenylethylene and phos- 
phorus pentachloride in dry benzene, followed by treatment with 
water. It forms white crystals, M.pt. 167° C., and gives silver, lead, 
mercury, copper, nickel, ferrous, ferric, bariwm and calcvwm salts. The 
acid can be hydrogenated to [f-diphenylethane-d-phosphinic acid, 
M.pt. 213° C., and oxidised to benzophenone. 


PHOSPHORUS-ARSENIC DERIVATIVES. 


Arseno-phosphorus compounds have been obtained by treating 
m-amino-p-hydroxyphenylarsinic acid with phosphoryl chloride in 
the presence of aqueous sodium hydroxide and subsequently reducing 
the mixture with sodium hydrosulphite. The compounds are soluble 
in dilute sodium carbonate and in hydrochloric acid, their alkaline 
solutions reducing Fehling’s solution and Nessler’s and Tollen’s re- 
agents. ! 


For the determination of phosphorus in organic compounds, see Hofmann, Ber., 1872, 
5, 104; Monthulé, Ann. Chim. anal., 1904, 9, 308; Pringsheim, Amer. Chem. J., 1904, 31, 
386; Ber., 1904, 37, 2155. For the determination of carbon and hydrogen in organo- 
metallic phosphorus compounds, see Londner, Ber., 1922, 55, [B], 2025; Zettsch. anal. 
Chem., 1925, 66, 305. 


1 English Patent, 9234 (1915); German Patent, 269700. 


CHAPTER IV. 
ALIPHATIC. COMPOUNDS OF ANTIMONY. 


CoMPOUNDS OF THE TYPE R,Sb. 


THE tertiary alkyl stibines may be produced in a variety of ways: 
(1) The most important method consists of treating magnesium 
alkyl halides with antimony trihalides. 


3RMeX +SbX,=R,Sb +3MgX, 


This reaction is always accompanied by the separation of finely divided 
antimony, and when alkyl stibines are mixed with antimony trichloride 
there is always immediate reduction to antimony. 

(2) An alloy of antimony and potassium 1 is mixed with sand and 
treated with an alkyl iodide : 


K,Sb +3RI=R,5b +3KI 
(8) By the interaction of zinc dialkyls and antimony trihalides : 
3R,Zn + 2SbX, =2R,95b + 38ZnX, 
(4) The zine dialkyls in (83) may be replaced by mercury dialkyls : 
3R Hg + 2SbX,=2R,Sb + 8HgX, 
(5) By treating trialkylstibine dihalides with zinc : 
R,SbX,+ Zn =R,Sb + ZnX, 


(6) By heating quaternary alkyl stibonium iodides with potassium- 
antimony alloy in the presence of carbon dioxide : 


3R,SbI +K,Sb =4R,Sb + 3KI 


The quaternary stibonium compounds are formed in reaction (2) and 
have subsequently to be dealt with according to equation (6). 

All the trialkylstibines are clear liquids, having a peculiar odour, 
and owing to the ease with which they oxidise, special apparatus has 
been devised for their preparation. The lower members may be dis- 
tilled under reduced pressure, but tri-n-hexylstibine is partly decomposed 
under these conditions. The density of the compounds shows a regular 
fall as the series is ascended and the boiling-points rise. The compounds 
are only slightly soluble in water or aqueous alcohol, but dissolve 
in alcohol, ether or carbon disulphide. With the latter solvent they do 
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not yield coloured compounds like the corresponding phosphines, and 
they only combine slowly with alkyl iodides. Trialkylstibines readily 
combine with oxygen with evolution of heat, the clear liquid immediately 
becoming turbid, but as the molecular weight increases the ease of 
oxidation diminishes. Stibines ignite when warmed in air, with forma- 
tion of antimonious oxide. Chlorine, bromine, iodine, cyanogen bromide 
and iodide, sulphur and selenium, readily combine with the stibines 
forming addition products in which the antimony becomes pentavalent, 
R,SbX,. Trimethylstibine forms a large number of double salts with 
platinum and palladium chlorides. The stibines reduce mercuric 
salts to the metal in the cold, and a similar reduction takes place with 
auric and silver salts on warming. 

Trialkylstibine Oxides.—Six stibine oxides are known: the methyl, 
ethyl, n-propyl, n-butyl, n-amyl and isoamyl derivatives. The first 
two are obtained by treating the corresponding sulphate with barium 
hydroxide or by regulated atmospheric oxidation of the stibine; the 
remainder are formed by the latter process. Oxidation of the stibines 
may also be brought about by treating their solutions in alcohol with 
finely divided mercuric oxide. The methyl, ethyl and isoamyl oxides 
are solids, and the compounds show a decreasing solubility in water 
with rise of molecular weight; they exhibit decidedly more basic 
properties than the corresponding arsenical compounds. The methyl 
derivative forms a double compound with the dichloride, (CH,),SbO. 
(CH,;),SbC1l,. 

Trialkylstibine Sulphides and Selenides.—Only the methyl and ethyl 
compounds are known with certainty, and these may be obtained as 
follows :— 


(1) An ether solution of the stibine is heated with sulphur or 
selenium : 
R,Sb+S=R,SbS 
R,Sb +Se =R,SbSe 


(2) An aqueous solution of the trialkylstibine oxide is treated with 
hydrogen sulphide : 
R,SbO + H,S =R,SbS + H,O 


(3) Trialkylstibine dibromide is allowed to react with potassium 
ethylate and the product treated with hydrogen sulphide : 


R,SbBr, +2KOC,H, =R,Sb(OC,H,), + 2KBr 
R,Sb(OC,H;), + H,S =R,SbS +2C,H,OH 


The intermediate ethoxide is not isolated in this process. 

The sulphides are crystalline products, which melt with decomposi- 
tion. ‘Triethylstibine selenide is the only representative of its class, 
and it soon decomposes with separation of selenium. 

Trialkylstibine Dihalides, Hydroayhalides and Cyanohalides.—The 
dihalides may be isolated in several ways. The stibines combine 
directly with the halogens to give dihalides, but this method needs 
regulation, as some of the trialkylstibines of low molecular weight 
combine explosively with the halogens. Chlorine has also been coupled 
to the antimony by heating the stibine in a sealed tube with hydrochloric 
acid. The latter is also capable of converting trialkylstibine oxides 
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or dinitrates to dichlorides. Antimony combines directly with alkyl 
iodides at about 140° C. to give trialkylstibine di-iodides ; mercuric 
bromide or chloride can transform such di-iodides to dibromides or 
dichlorides. Magnesium ethyl iodide and antimony pentachloride 
react to form triethylstibine dichloride, and a double compound of 
trimethylstibine dichloride and methylmercuric chloride results when 
mercury dimethyl reacts with antimony trichloride. Hydroxyhalides 
are known only in the methyl series, the hydroxybromide being pre- 
pared by hydrolysis of the cyanobromide, this method of preparation 
being analogous to that used for the corresponding arsenical compounds : 


R,Sb.CN.Br + H,O =R,Sb.OH.Br + HCN 


The colourless trimethylstibine di-iodide appears to be most suitably 
represented by the formula I-[Sb(CH,),|*tI, 7.e. as a completely 
ionised, tertiary electrolyte. This assumption is based on the fact 
that the compound does not exhibit an absorption band in the ultra- 
violet region.!. The molecular conductivities of the dihalides when 
determined in acetonitrile indicate that the compounds are weak 
electrolytes only if their hydrolysis is prevented by the absence of water. 
The hydroxychloride is represented by the formula [Sb(CH,),(OH)|*CI-, 
hydrogen chloride being liberated when a very large excess of water is 
present. Since its solution has an acid reaction, the hydroxychloride 
possesses only a slight tendency to eliminate hydroxyl ions. The 
colourless base is a very weak electrolyte, although both hydroxyl 
groups can be replaced if sufficient acid is added to precipitate the 
dihalide. 

Trimethylstibine, (CH,),5b, may be prepared as follows: (1) 
The Grignard solution from 35-5 grams of methyl iodide and 6-1 grams 
of magnesium in 200 to 800 c.c. of dry ether is treated dropwise with 
a solution of 18-9 grams of antimony trichloride in 80 to 100 c.c. of 
ether. The reaction is very violent and when it is complete the flask 
is placed in an oil-bath and distillation carried out in a stream of carbon 
dioxide until the temperature reaches 170° C. The stibine distils over 
with the ether and is converted into its dibromide, from which it may 
be liberated as required. The yield of stibine is 60 to 70 per cent.?. A 
convenient apparatus for obtaining the stibine from its dibromide is 
shown in fig. 1.2 Weighed quantities of the dibromide are introduced 
into the flask A together with a small quantity of water and the 
calculated amount of finely granulated zinc (Kahlbaum No. 1). The 
air in the apparatus having previously been expelled by a stream 
of carbon dioxide, the mixture is distilled and the trimethylstibine 
collected in the graduated receiver B. The reaction vessel E is turned 
through an angle of 120° by means of the movable rubber joint J, so 
that the filter disk L is raised above the reacting liquids. A slight 
excess of aqueous platinic or palladous chloride solution is delivered 
into E from the tap funnel D, and to this is slowly added the cal- 
culated amount of trimethylstibine from the graduated receiver B. 
As the tertiary stibine is not miscible with aqueous solutions, the 
chemical combination is facilitated by shaking the vessel E, and when 
the reaction is completed the apparatus is rotated so that the attach- | 

1 Lowry and Simons, Ber., 1930, 63, [B], 1595. 


2 Hibbert, Ber., 1906, 39, 160. 
3 Morgan and Yarsley, J'rans. Chem. Soc., 1925, 127, 184. 
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be trimethylstibine dichloride. 
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ments of the vessel EK are in the vertical position, as shown in the 
diagram. By aspiration at K, the liquid contents of E are drawn 
through the filter L, on which the insoluble product is collected. The 
precipitate is now washed with ether introduced through the tap funnel 
C, and the ether washings are aspirated into the receiver F. Here the 
aqueous and ether filtrates are separated, the former being drawn off 
into the flask G, whilst the latter is collected in the distilling flask H, 
which is fitted with a condenser P. On distilling off the solvent, a 
residue is obtained of the ether- 
soluble product, which is shown to 


When alcoholic platinic chloride 
is employed the reaction is more 
vigorous because of the miscibility 
of trimethylstibine with _ this 
medium. The insoluble product is 
collected as before on the filter L, 
whilst the alcoholic filtrate and 
washings are drawn into the flask 
H.. On removing the solvent, the 
residue contains trimethylstibine 
dichloride and bistrimethylstibine- 
dichloroplatinum (or palladium). 

The whole apparatus is so de- 
signed that the platinous and 
palladous derivatives of the highly 
inflammable trimethylstibine can 
be prepared, collected and desic- 
cated in an inert atmosphere and 
out of contact with air. 

(2) Pure methyl iodide is slowly 
added to a mixture of an alloy of 
potassium and antimony and sand. 
The reaction is extremely violent 
and when it subsides the mixture is distilled in a carbon dioxide atmo- 
sphere, the stibine and methyl iodide combining to form tetramethyl- 
stibonium iodide. This is dried and distilled with potassium-antimony 
alloy in the presence of carbon dioxide, when pure trimethylstibine is 
obtained.* | 

Trimethylstibine is a transparent, colourless liquid, B.pt. 80-6° C. 
at 760 mm., density 1-523 at 15° C., and has an odour resembling that 
of onions. In water or dilute alcohol it is only very slightly soluble, 
but it dissolves readily in absolute alcohol, ether or carbon disulphide. 
It is readily oxidised in air, but inflames only when in large quantities. 
‘In chlorine gas it inflames. It combines directly with sulphur, cyanogen 
bromide ? and cyanogen iodide at —20° C.® It reduces gold, silver 
and mercury salts to the free metals. Trimethylstibine reacts with 
platinic chloride to yield the compounds detailed overpage.* 


Fic. 1. 


1 Landolt, Annalen, 1851, 78, 91; 1852, 84, 44; J. prakt. Chem., 1861, 84, 329; 
Jahresber., 1861, p. 569. 

2 Morgan and Yarsley, Proc. Roy. Soc., 1925, 110, 534. 

3 Hantzsch and Hibbert, Ber., 1907, 40, 1514. 

4 Morgan and Yarsley, Trans. Chem. Soc., 1925, 127, 184. 
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The addition of trimethylstibine to aqueous platinic chloride in 
the air-free apparatus previously described gives an orange precipitate 
of tetrakistrimethylstibine platinous platinochloride, [Pt.4(CH,),;5b|PtCl,. 
This substance also results when a slight excess of aqueous potassium 
platinochloride is added to tetrakistrimethylstibine platinous chloride 
in water, or when tetrakistrimethylstibine platinous platinichloride is 
treated with a slight excess of aqueous chloroplatinic acid. Tetrakis- 
trimethylstibine platinous platinochloride, when left for several months 
or rapidly heated at 65° C., undergoes depolymerisation to bistrimethyl- 
stibinedichloroplatinum. Both modifications occur when trimethyl- 
stibine and platinic chloride react in alcoholic solution; the orange 
dimeric compound is precipitated, whilst the monomeric derivative 
remains in solution. Bistrimethylstibinedichloroplatinum, |2(CH 3) Sb. 
PtCl,], erystallises from alcohol in pale yellow leaflets, and does not 
yield the ‘‘ green salt of Magnus,” PtCl,(NH,)., when treated with 
‘* Reiset’s chloride,” [Pt.4NH,]Cl,. When chlorine is passed through 
an alcoholic solution of the compound, trimethylstibine dichloride 
results ; with hydroxylamine hydrochloride and sodium acetate com- 
plete reduction takes place, and with excess of pyridine, tetrapyridine- 
platinous chloride is formed. When tetrakistrimethylstibineplatinous 
platinochloride is treated with trimethylstibine and the resulting 
orange-brown crystals are allowed to interact with chloroplatinic acid 
in aqueous solution,, a golden-yellow substance, tetrakistrimethyl- 
stibineplatinous chloride, [Pt.4(CH,),5b|Cl,, is obtained. This reacts 
_with aqueous palladous chloride to give tetrakistrimethylstibineplatinous 
palladochloride, |Pt.4(CH;),;5b]PdCl,, consisting of brown leaflets de- 
composing completely in 24 hours on exposure to the air. 

If the foregoing reactions are repeated with tri-n-butylstibine, good 
results are not obtained, only bistri-n-butylstibinedichloroplatinum being 
produced, and analysis shows that the product has undergone extensive 
decomposition. 

In asimilar manner the following palladium derivatives are obtained :. 
Bis-trimethylstibinedichloropalladium, [2(CH;),5b.PdCl,], an orange- 
yellow deposit at low temperatures, becoming lemon-yellow at ordinary 
temperature, prolonged warming causing decomposition without melting, 
metallic palladium separating. During the preparation of this com- 
pound the more soluble _ tetrakistrimethylstibinepalladous chloride, 
[Pd.4(CH,),5b]|Cl,, is produced and separates from the aqueous filtrate 
as well-defined, golden-orange needles, contaminated with trimethyl- 
stibine dichloride. The tetrakis-compound is readily soluble in water, 
but decomposed on boiling. The same compound results when tri- 
methylstibine in excess reacts with bistrimethylstibinedichloropalladium. 
Boiling with dilute hydrochloric acid or a large excess of chloroform 
converts the tetrakis-derivative into a lemon-yellow substance, |(CH3) Sb. 
PdCl,|H, which, unlike other pallado-compounds, is stable on keeping. 
It yields a light brown precipitate with cesium hydroxide. 

A summary of the formation of these compounds is given in the 
scheme on p. 171. 

Triethylstibine, (C,H;),Sb, is obtained as follows: (1) By. the 
interaction of an alloy of potassium and antimony with ethyl iodide.?: 
(2) By treating antimony trichloride with zinc diethyl.? (3) By re- 

1 Lowig and Schweizer, Annalen, 1850, 75, 315. 
2 Hofmann, Annalen, 1857, 103, 357. 


ALIPHATIC COMPOUNDS OF ANTIMONY. 
H,PtCl, + (CH,),Sb =H,PtCl, + (CH,),SbCl, 
PtCl, + Sb(CH,), 
oS ce aes 


a 


ss 


Jaa 
[Pt.4(CH,),Sb]PtCl, [2(CH,),Sb.PtCl,] 


Orange, insoluble dimeride Yellow, soluble monomeride 


K a” 
[Pt.4(CH,),Sb]PdCl, “© 
‘s 


| Pac, Le 
[Pt.4(CH,),Sb]Cl, 


Soluble 


H,PtCl, 
) (1 mol.) 
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placing the zine diethyl in (2) by mercury diethyl.1 (4) By distilling 
triethylstibine di-iodide with zine.? The stibine is a colourless, strongly 
refractive liquid, B.pt. 158-5° C. at 730 mm., or about 75° C. at 16 to 


18 mm.,? density 1:3244 at 16° C.; it does not solidify 
at —29° C. It has an odour resembling that of onions, 
and fumes and burns in air with a luminous flame. It 
is readily soluble in alcohol or ether, but insoluble in water. 
With fuming hydrochloric acid it is converted into tri- 
ethylstibine dichloride and hydrogen. It combines slowly 
with ethyl iodide. 

Tri-n-propylstibine,* (C,H,),Sb, obtained from 
antimony trichloride and magnesium n-propyl bromide, 
botlscate 100] Ce at, 25> mm.,,* or at 118° Cz at. 89° mm., 
density 1:241 at 25° C. The yield from 62 grams of the 
alkyl bromide is about 11 grams of pure product, which 
possesses a penetrating, alliaceous odour. The apparatus 
used for preparing this and the following stibines is as 
shown in fig. 2. It consists of a wide-necked bottle, of 
1 litre capacity, fitted with a rubber stopper carrying 
a mercury-sealed stirrer, a dropping funnel, a reflux con- 
denser, an inlet tube for hydrogen, and a siphon whereby 
liquid layers may be withdrawn and separated in the 
absence of air. The exterior limb of the siphon is fitted 
with a tap and it slides smoothly through a glass 


REACTION 
BOTTLE 


FUNNEL 


Hire. 2. 


jacket fixed in the stopper of a separating funnel. Air-tightness is 
secured by stretching rubber tubing over both the jacket and the limb 
of the siphon. The other limb of the siphon passes into the reaction 


1 Buckton, Quart. J. Chem. Soc., 1863, 16, 22; Jahresber., 1863, p. 470. 
2 Buckton, Quart. J. Chem. Soc., 1861, 13, 118; Jahresber., 1860, p. 373. 


3 Griittner and Wiernik, Ber., 1915, 48, 1749. 
4 Dyke, Davies and Jones, J. Chem. Soc., 1930, p. 463. 
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bottle by a similar device, which permits adjustment of the siphon to 
any desired level. The separating funnel is provided with two tubes 
with taps to serve either as inlet or outlet, respectively, for carbon 
dioxide, or for the application of suction. 

The Grignard solution is prepared by dropping the freshly pre- 
pared alkyl halide, dissolved in 150 c.c. of ether, on to 12-1 grams of 
magnesium turnings immersed in 150 c.c. of ether to which a granule 
of iodine has been added. Throughout the preparation of this solution 
and its interaction with antimony trichloride, pure dry hydrogen is 
passed over the liquid. The liquid is cooled to 0° C, and 38-1 grams 
of freshly redistilled antimony trichloride in 100 c.c. of ether are added 
drop by drop. After the addition is complete the mixture is warmed 
for half an hour, again cooled to 0° C., and then treated with ammonium 
chloride solution. The separating funnel is now filled with pure dry 
carbon dioxide and the ether layer transferred from the reaction bottle 
to the funnel. In this way an unclouded solution is obtained. 

Tri-n-butylstibine, (C,H,),Sb, boils at 181° C. at 12 mm., and 
has a density of 1:191 at 25° C. Tri-isobutylstibine, obtained from 
magnesium isobutyl bromide and antimony trichloride, has B.pt. 185° C. 
at 31 mm., density 1-328 at 25°C. The first runnings in the distillation 
of the crude products contain fe-dimethylhexane. The butylstibines 
possess a mixed alliaceous-butyric odour. The isobutyl compound is 
distinctly yellow. 

Tri-n-amylstibine, (C,;H,,),5b.—From 76 grams of n-amyl 
bromide about 15 grams of the stibine are produced, B.pt. 168° C. at 
16 mm., density 1-186 at 18° C. In this preparation 8 grams of n-decane 
are obtained as a by-product. 

Tri-dl-8-methylbutylstibine, (C;H,,),Sb, boils at 150° C. at 
14 mm., density 1-242 at 25° C.; the synthetic action of the magnesium 
gives y¢-dimethyloctane in the course of the preparation. 

Tri-isoamylstibine or Tri-y-methylbutylstibine, (C;H,,);5b, may 
be isolated in two ways: (1) By the ‘interaction of equivalents of 
antimony trichloride and magnesium isoamyl bromide 10 grams of 
the stibine are obtained, B.pt. 149° C. at 14 mm., density 1-227, and 
10 grams of By-dimethyloctane are formed as by-product. (2) By 
the interaction of potassium-antimony alloy and isoamyl iodide.* 
When distilled in a stream of carbon dioxide under atmospheric pressure, 
the stibine passes over with considerable decomposition at about 
260° C. It fumes in air, but is not spontaneously inflammable. In 
ether it is readily soluble, sparingly soluble in absolute alcohol, insoluble 
in water. When heated with isoamyl iodide no condensation takes 
place even at 100° C. All the amylstibines have a predominating 
amylic smell; n-amylstibine is colourless, but the B- and y-methyl- 
butylstibines are both yellowish. 

Tri-n-hexylstibine, (C,H,;),Sb,? boils at 190° C. at 10 mm. with 
partial decomposition and liberation of antimony. The distillate has 
a density of about 1:15 at 25° C. The odour resembles that of n-hexyl 
alcohol. mn-Dodecane is formed as a by-product in the preparation. 


1 Cramer, Jahresber., 1855, p. 590; Berlé, J. prakt. Chem., 1855, 65, 385; Annalen, 
1856, 97, 316. ; 
2 Dyke, Davies and Jones, loc. cit. 
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CoMPOUNDS OF THE TYPE R,SbX,. 


Trimethylstibine oxide, (CH,),5bO, occurs when the sulphate, 
(CH,),5b.SO,, is treated with barium hydroxide, filtered and evaporated. 
The residue is taken up in alcohol and the solution evaporated in the 
absence of carbon dioxide. The oxide forms a white, crystalline mass, 
very soluble in water or alcohol, insoluble in ether.’ It is also formed, 
together with other products, when an ether solution of trimethyl- 
stibine is slowly evaporated in air. It forms a double compound with 
the dichloride, (CH ;),5bO0.(CH,),5bCl,,? crystallising in regular octa- 
hedra, soluble in water or alcohol. 

Trimethylstibine dichloride, (CH,),SbCl,, is prepared (1) by 
treating trimethylstibine in carbon disulphide solution with chlorine,” 
(2) by the interaction of trimethylstibine oxide and hydrochloric acid, 
(3) by heating trimethylstibine and hydrochloric acid together in a 
sealed tube, (4) by allowing antimony trichloride and mercury dimethyl 
to react, when a double compound of trimethylstibine dichloride and 
methylmercuric chloride is isolated.4 The dichloride crystallises from 
water in hexagonal crystals,® which dissolve readily in hot alcohol. 

Trimethylstibine dibromide, (CH,),SbBr,.—A cold alcoholic 
solution of the stibine when treated with bromine gives a white crys- 
talline precipitate of the dibromide.6 The same substance occurs when 
the di-iodide is treated with mercuric bromide.’ Sparingly soluble in 
eold alcohol or water, the dibromide is more soluble when warm solvents 
are used. It behaves towards sodium hydroxide and phenolphthalein 
as a free hydrogen halide. Its molecular conductivity ~ =500 to 521 
with v=64 to 1024.8 It forms a double compound with the oaide, 
(CH,),5b0.(CH,),S5bBr,, which crystallises in needles from alcohol, 
being sparingly soluble in the cold solvent, readily soluble in water. 
The molecular conductivity 4 =201-2 to 243-9 with v =80 to 1280. 

Trimethylstibine hydroxychloride, (CH,),5bClOH, occurs when 
trimethylstibine dihydroxide in aqueous solution is treated with con- 
centrated hydrochloric acid. It is soluble in water, separates from ether 
in minute colourless plates and from alcohol in silky needles.? By a 
similar process a well-defined hydroxypicrate is isolated as a pale yellow 
product. 

Trimethylstibine cyanobromide, (CH,;),5bBr.CN, is formed by 
the condensation of cyanogen bromide and trimethylstibine in petroleum 
in an inert atmosphere. An apparatus of special design (p. 169) is 
used to carry out the preparation. The cyanobromide is a colourless, 
erystalline solid, insoluble in cold anhydrous organic solvents, but 
rapidly hydrolysed by moisture to yield the hydroxybromide. 

Trimethylstibine hydroxybromide, (CH,),SbBr.OH, is a white, 
erystalline compound, formed as indicated above. It dissolves readily 
in cold water, and separates from alcoholic solutions as lustrous, white 


Landolt, J. prakt. Chem., 1861, 84, [i], 331; Jahresber., 1861, p. 570. 
Hantzsch and Hibbert, Ber., 1907, 40, 1508. 

Landolt, loc. cit. 

Buckton, Quart. J. Chem. Soc., 1863, 16, 22; Jahresber., 1863, p. 470. 
vom Rath, J. prakt. Chem., 1861, 84, [1], 334. 

Landolt, loc. cit. 

Landolt, Annalen, 1852, 84, 44. 

Hantzsch and Hibbert, loc. cit. 

Morgan and Yarsley, Proc. Roy. Soc., 1926, 110, 534. 
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needles, which decompose without melting. Warming with a suspension 
of silver oxide for one hour on the water-bath converts the hydroxy- 
bromide into trimethylstibine dihydroaide, (CH,);5b(OH)., consisting 
of colourless, microscopic crystals, slightly hygroscopic, but otherwise 
stable. 

Trimethylstibine di-iodide, (CH,),SbI,, may be obtained by 
treating the stibine with iodine in the presence of alcohol + or by heating 
metallic antimony in a sealed tube with methyl iodide at 140° C.? It 
crystallises from water in hexagonal prisms and from alcohol in needles, 
M.pt. 107° C., being readily soluble in hot water or alcohol, sparingly 
soluble in ether. Trimethylstibine combines with cyanogen iodide in ether 
solution at — 20° C. to give a compound which is probably (CH,),5b.CNI ; 
this is, however, readily decomposed, and with water or alcohol is 
converted into the double compound of the iodide and owide, (CH;),5bO. 
(CH,),SbI,,° citron-yellow octahedra, decomposing on warming with 
water. 

Trimethylstibine hexaiodide, (CH,),SbI,,4 occurs when an 
aqueous solution of the di-iodide is treated with iodine. It forms 
greenish-black needles, M.pt. 68° to 70° C., and is rather unstable. 

Trimethylstibine dicyanide, (CH,),Sb(CN)., is not a very stable 
compound, forming as a yellow crystalline precipitate when silver 
cyanide reacts with the foregoing di-iodide.® 

Trimethylstibine dithiocyanate, (CH;),5b(CNS)., is formed by 
heating the dichloride in alcohol solution with potassium thiocyanate. 
It separates as white crystals, readily soluble in hot water and organic 
solvents, sparingly soluble in cold water.® 

Trimethylstibine sulphide, (CH,),5bS.—An ether solution of 
trimethylstibine is warmed with sulphur, or an aqueous solution of 
trimethylstibine oxide is treated with hydrogen sulphide.’ The sulphide 
also occurs when an ether solution of trimethylstibine dibromide is 
treated with potassium ethylate and the filtrate subjected to the action 
of a current of hydrogen sulphide.* It forms crystals from alcohol, 
M.pt. 168° C. with decomposition, is sparingly soluble in cold water, 
being more soluble in alcohol or ether. 

Trimethylstibine sulphate, (CH,),SbSO,, is the product of 
interaction of the di-iodide and silver sulphate in hot aqueous solution. 
It forms a white, semi-crystalline mass, soluble in water, less soluble in 
alcohol. 

Trimethylstibine dinitrate, (CH,;),5b(NO;)., may be prepared 
either by dissolving the stibine in nitric acid or by treating the di- 
iodide with silver nitrate. It forms colourless crystals, soluble in 
water or alcohol, insoluble in ether. 


In addition to the foregoing salts, the following are mentioned in 
the literature: hydrogen sulphate, quadratic plates; carbonate, de- 
liquescent, unstable, yellowish crystals; bicarbonate, deliquescent, 
stellate groups of needles ; acetate, unstable, dark syrup ; acid tartrate, 
very soluble in water ; owalate, small deliquescent crystals.’ 

1 Landolt, loc. cit. 


2 Buckton, Quart. J. Chem. Soc., 1861, 13, 119; Jahresber., 1860, p. 374. 
3 Hantzsch and Hibbert, loc. cit. 


4 Lowry and Simons, Ber., 1930, 63, [B], 1595. 5 Landolt, loc. cit. 
6 Hantzsch and Hibbert, loc. cit. ? Landolt, loc. cit. 
8 Hantzsch and Hibbert, loc. cit. ® Landolt, loc. cit. 


10 Landolt, Annalen, 1852, 84, 44. 
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Triethylstibine oxide, (C,H;),SbO, is prepared by the following 
methods: (1) In an impure state by oxidation of triethylstibine either 
by burning or exposing an ether solution to the air. The by-product 
is ethylstibinie acid. (2) An aqueous solution of triethylstibine 
sulphate is treated with barium hydroxide, the barium sulphate removed 
and the filtrate evaporated on the water-bath. The residue is extracted 
with alcohol, carbon dioxide passed through the solution, the barium 
carbonate filtered off and the alcoholic filtrate evaporated. (3) An 
alcoholic solution of triethylstibine is shaken with finely divided mer- 
curic oxide, free mercury separating out and the organic oxide remain- 
ing in solution, from which it may be obtained by evaporation. The 
oxide separates as a colourless, viscous mass, having a very bitter taste ; ? 
it may be solidified by drying over concentrated sulphuric acid, but 
when heated on the water-bath it becomes liquid again. It is readily 
soluble in water or alcohol, but sparingly soluble in ether. It combines 
directly with mineral acids, forming salts, and precipitates hydroxides 
of the metals from salt solutions. An ether solution of the stebine 
oxide reacts with antimonious oaide forming an amorphous compound, 
(C,H,),5bO.Sb,03, soluble in water or alcohol, and yielding triethyl- 
stibine dichloride on treatment with concentrated hydrochloric acid.? 

Triethylstibine dichloride, (C,H,;),SbCl,.—Several methods are 
available for isolating this substance: (1) Chlorine combines directly 
with triethylstibine, but the reaction is very violent and difficult to 
control.4 (2) The stibine may be treated with fuming hydrochloric 
acid. (8) Concentrated hydrochloric acid is added to a solution of the 
dinitrate and the whole evaporated down. The dichloride separates 
as an oil, which is dissolved in alcohol and pfecipitated by dilution 
with water. (4) Magnesium ethyl iodide and antimony pentachloride 
react to form the dichloride.® The dichloride is a colourless, highly 
refractive liquid, density 1-540 at 17° C., and does not solidify at — 12°C. 
It has a bitter taste, a terpenoid odour, is insoluble in water, readily 
soluble in alcohol or ether, and slightly volatile in steam. Concentrated 
sulphuric acid decomposes it with evolution of hydrochloric acid. 
The double compound with the oade, (C,H;),5bCl,.(C,H;),5bO, is a 
deliquescent mass, obtained by treating an aqueous solution of the 
iodide double compound, (C,H;),SbI,.(C,H;),;5bO, with mercuric 
chloride. ® 

Triethylstibine dibromide, (C,H;),5bBr,, occurs when an 
alcoholic solution of the stibine is treated dropwise with a similar 
solution of bromine.’ It is purified by the method described for the 
dichloride. The dibromide is a colourless, strongly refractive liquid, 
density 1-953 at 17° C., solidifying to a snow-white mass at —10° C. 
It has a terpenoid odour, causes violent sneezing and is tear-exciting 
when warmed. In water it is insoluble, but solutions may be obtained 
in alcohol or ether. Concentrated sulphuric acid causes evolution of 
hydrobromic acid, and chlorine displaces bromine. 


1 Loéwig and Schweizer, Annalen, 1850, 75, 315; Lowig, tbid., 1853, 88, 323. 
2 Compare Merck, Annalen, 1856, 97, 329; Strecker, ibid., 1858, 105, 310. 

3 Lowig, loc. cit. 

4 Lowig and Schweizer, loc. cit. 

5 Pfeiffer and Schnurmann, Ber., 1904, 37, 320. 

8 Merck, loc. cit.; Strecker, loc. cit. 

* Lowig and Schweizer, loc. cit. 
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Triethylstibine di-iodide, (C,H,;),S5bI,.—An alcoholic solution 
of triethylstibine is treated with iodine and the solution evaporated 
to erystallising point. Purification is effected by crystallisation from 
aleohol or ether. The di-iodide also occurs when ethyl iodide is heated 
at 140° C. in a sealed tube with coarse metallic antimony.! It erystallises 
in colourless needles, which may be 0-5 in. in length and difficult to 
purify. It melts at 70-5° C. and sublimes at 100° C., is very soluble in 
alcohol or ether, less soluble in water. The molten iodide is immediately 
decomposed by metallic potassium. Chlorine and bromine cause the 
liberation of iodine, whilst hydrochloric and nitric acids give the di- 
chloride and dinitrate, respectively. The double compound with the 
oxide, (C,H;),5bI,.(C,H,;),5bO0, is formed when the di-iodide is treated 
with alcoholic ammonia? or when the di-iodide and oxide are mixed 
in aleohol;? it crystallises in octahedra or tetrahedra, and mercuric 
chloride or bromide converts it to the corresponding dichloride or 
dibromide, respectively. 

Triethylstibine sulphide, (C,H;),SbS, may be isolated (1) by treat- 
ing an ether solution of the stibine with sulphur (a less satisfactory 
method is to carry out the addition under water);* (2) by treating 
an alcoholic solution of the oxide with hydrogen sulphide.® It forms 
a white, silvery mass, M.pt. 100° C., soluble in water, aleohol or warm 
ether. Above its melting-point it forms volatile products resembling 
mercaptan, and with metallic potassium some triethylstibine results. 
With acids hydrogen sulphide is evolved, and from metallic salt solutions 
the sulphide precipitates sulphides of the metals. Treatment with silver 
cyanide yields an unstable dicyanide. 

Triethylstibine selenide, (C,H;),SbSe.—An ether solution of the 
stibine is boiled with precipitated selenium ; on cooling crystals of the 
selenide separate. The product soon decomposes in air with precipita- 
tion of selenium. 

Triethylstibine sulphate, (C,H;),SbSO,, is best obtained by 
double decomposition between triethylstibine sulphide and copper 
sulphate in aqueous solution. Sulphuric acid transforms the oxide 
and dihalides to the sulphate, but excess of acid hinders crystallisation. 
The sulphate forms colourless crystals, M.pt. 100° C., very soluble in 
water, less soluble in alcohol and insoluble in ether. Hydrochloric acid 
precipitates the dichloride from aqueous solutions of the sulphate. 
The double compound with the oxide, (C,H;),SbSO,.(C,H;),S5b0.H,O, 
occurs when the oxyiodide, (C,H;),SbI,.(C,H;),SbO, is treated with 
silver sulphate.’ 

Triethylstibine dinitrate, (C,H;),Sb(NO;),.—When _triethyl- 
stibine or its oxide is dissolved in dilute nitrie acid, the nitrate results. 
The solution is filtered and evaporated.® Nitric acid will also displace 
the halogen from the dihalides. The dinitrate forms rhombic crystals, 
M.pt. 62-5° C., solidifying to a crystalline mass at 57° C. It is readily 
soluble in water or alcohol, sparingly soluble in ether. Its solution has 

1 Buckton, loc. cit. 

2 Merck, loc. cit. 

‘8 Strecker, loc. cit. 

4 Lowig and Schweizer, loc. cit. 

> Merck, loc. cit.; compare Lowig, loc. cit. 
6 Lowig and Schweizer, loc. cit. 


7 Merck, loc. cit.; compare Strecker, loc. cit. 
8 Lowig and Schweizer, loc. cit. 
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a. bitter taste and is acid to litmus, a characteristic of all the ethy] 
compounds. It is converted into the dichloride by concentrated 
hydrochloric acid, but is unaffected by hydrogen sulphide. The 
oxynitrate, (C,H,;),5b(NO3),.(C,H,;),5b0.H,O, is prepared from the 
oxylodide by the action of silver nitrate;1! it forms a stellate mass, 
readily soluble in water. 

Tri-n-propylstibine oxide, (C,H,),SbO,? occurs when an absolute 
aleohol solution of the stibine is shaken with mercuric oxide. The 
product is a gelatinous mass, soluble in alcohol and possessing a very 
bitter taste. When tri-n-propylstibine reacts with atmospheric oxygen 
it yields tri-n-propylstibinic metantimonite, (C,H,),5bO.Sb,03, a white 
solid, unchanged at 220° C. 

Tri-n-propylstibine sulphide, (C,H,),SbS.—When dry hydrogen 


sulphide is passed into an absolute alcohol solution of tri-n-propyl- 


stibine oxide, a solution results from which the sulphide is deposited 
as small, yellowish needles, M.pt. 88° C., darkening on exposure to the 
air. Boiling with acids liberates hydrogen sulphide, stibine also being 
evolved. The sulphide is decomposed when its alcohol solution is 
warmed. When a mixture of tri-n-propylstibine, powdered rhombic 
sulphur and water is refluxed for two hours, impure tri-n-propylstibinic 
metathioantimonite, (C,H,),5b(SbS,)., is isolated. This is a brown 
solid, insoluble in water, alcohol or ether, blackening at about 180° C., 
but unmelted at 200° C. 

Tri-n-propylstibine dichloride, (C,H,),SbCl,, is prepared by 
mixing solutions of chlorine and the stibine in carbon tetrachloride 
and evaporating off the solvent in a vacuum. It is a mobile liquid 
with a pleasant odour, decomposed on distillation. 

Tri-n-propylstibine dibromide, (C,H,),5bBr,, occurs when 
bromine replaces the chlorine in the preceding preparation. The 
dibromide forms colourless crystals from ether, M.pt. 45° C., but when 
treated with water it is immediately hydrolysed. Distillation causes 
deposition of antimony. 

Tri-n-propylstibine di-iodide, (C,H,),SbI,, is obtained in quanti- 
tative yield by the foregoing method. It forms a yellow, semi-solid 
mass. 

Tri-n-butylstibine oxide, (C,H,),5bO, prepared in a similar 
manner to the n-propyl compound, is a viscous syrup, possessing a 
bitter taste and an odour reminiscent of that of linseed. The fri-n- 
butylstibinic metantimonite, (C,H,),SbO.Sb,03, is prepared in the 
usual way. 

Tri-n-butylstibine dichloride, (C,H,),SbCl,, prepared similarly 
to the propyl compound, is a spirituous-smelling heavy liquid which 
decomposes on being distilled. 

Tri-n-butylstibine dibromide, (C,H,),SbBr,.—4 grams of finely 
powdered antimony and 10 c.c. of n-butyl bromide are heated together 
for thirty hours at 250° C. Extraction of the mass with ether and 
evaporation away of the solvent gives the bromide as an oil. It may 
also be prepared by mixing ether solutions of tri-n-butylstibine and 
bromine. 

Tri-n-butylstibine di-iodide, (C,H,),SbI,, isolated from its 
components in chloroform solution, is a soft, oily ‘solid, slowly de- 
composed by boiling water. 

1 Merck, loc. cit. ? Dyke and Jones, J. Chem. Soc., 1930, p. 1921. 
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Tri-n-amylstibine oxide, (C;H,,),5bO, forms a thick syrup, and 
tri-n-amylstibinic metantimonite, (C;H,,),5b(SbO,)., is an insoluble, 
infusible white powder. 

Tri-n-amylstibine dichloride, (C;H,,),5bCl,, obtained as an 
unstable, sweet-smelling liquid, is readily decomposed by water; the 
corresponding dibromide is a white, pasty mass, slowly decomposed by 
water. : 
Tri-isoamylstibine oxide, (C,;H,,),5bO, is a greenish-yellow 
mass, formed by the spontaneous evaporation of an ether solution of 
tri-isoamylstibine.+ It is insoluble in water, sparingly soluble in ether, 
soluble in absolute alcohol. 

Tri-isoamylstibine dichloride, (C;H,,),SbCl,, occurs when the 
preceding compound is dissolved in hydrochloric acid. It is a viscous 
oil, heavier than water, soluble in alcohol or ether, decomposing when 
heated above 160° C. 

Tri-isoamylstibine dibromide, (C;H,,),5bBr,.—This compound 
and the corresponding iodide, (C;H,,),SbI,, are obtained by treating 
the oxide with the respective halogen acids. The iodide is also said 
to occur when tri-2soamylstibine is treated with iodine. Both products 
resemble the dichloride in properties. The di-iodide yields with silver 
sulphate an oily product, probably tri-isoamylstibine sulphate. 

Tri-isoamylstibine dinitrate, (C,H,,),5b(NO3;),, may be isolated 
by treating either the dichloride or di-iodide with silver nitrate in 
alcoholic solution. It separates from dilute spirit in white crystals, 
melting at about 20° C., soluble in aqueous alcohol, insoluble in water 
or ether. 


A basic tri-isoamyloaide and corresponding sulphide are mentioned 
in the literature, but their existence seems doubtful. 


QUATERNARY STIBONIUM COMPOUNDS. 


Compounds of this class have been known since 1851—that is, three 
years before the discovery of the first arsonium compound. The 
initial compounds isolated were the iodides, R,SbI, owing to the fact 
that trimethylstibine combines exothermically at room temperatures 
with methyl iodide to give tetramethylstibonium iodide. In the ethyl 
series the components require heating to 100° C. before the addition 
occurs, whilst tetrapropylstibonium iodide cannot be obtained by this 
method, but is formed when antimony amalgam, Sb,H¢gs;, is heated 
with propyl iodide at 183° C., the resulting product being a double 
compound, (C,H,),SbI.HgI,. Treatment of stibonium iodides with 
freshly precipitated silver oxide transforms them into hydroxides, from 
which salts may be formed by the action of acids. The iodides, when 
evaporated down with hydrochloric acid, yield chlorides, and mercuric 
salts are capable of producing similar transformations. In addition 
to stibonium compounds of the type Alk,SbX, the following types are 
also known: Alk’Alk,SbX, ArAlk,SbX, ArAlk’Alk,SbX. Those con- 
taining aromatic radicals are included here because they are the only 
stibonium compounds known which contain aromatic groupings. The 
mixed aliphatic compounds are formed according to the equation 


Alk.Sb + Alk’T = Alk’Alk,SbI 


1 Berlé, J. prakt. Chem., 1855, 65, 385; Annalen, 1856, 97, 315, 
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whilst the aliphatic-aromatic derivatives are isolated according to 


-ArAlk,Sb + AlkI =ArAlk,SbI 
ArAlk,Sb + Alk’I = ArAlk’Alk,SbI 


The stibonium halides form double compounds with the halides 
of gold, mercury, bismuth and platinum. Taken on the whole the 
stibonium compounds are less deliquescent than the arsonium 
derivatives. | 

Compounds of the Type Alk,SbX 


‘Tetramethylstibonium hydroxide, (CH,),SbOH.—An aqueous 
suspension of freshly precipitated silver oxide is shaken with tetra- 
methylstibonium iodide, the mixture filtered and the filtrate evaporated 
am vacuo.’ A white, deliquescent, crystalline mass results, which is 
slippery to touch, and has the alkaline characteristics of potassium 
hydroxide. It is readily soluble in water or alcohol, insoluble in ether ; 
it absorbs carbon dioxide from the atmosphere and_ precipitates 
hydroxides of the metals, including barium hydroxide, from aqueous 
salt solutions. An aqueous solution of the hydroxide fumes with 
hydrochloric acid and forms neutral and acid crystalline salts with 
this and other acids. It liberates ammonia from ammonium salts, and 
after precipitating zine hydroxide is capable of redissolving it when in 
excess. It dissolves sulphur, the addition of acid to such a solution 
liberating hydrogen sulphide. The conductivity of a solution of one 
gram-molecule of the base in 16 litres of water is 166.2 

Tetramethylstibonium chloride, (CH,),SbCl.—The foregoing 
hydroxide may be treated with hydrochloric acid or the iodide evapor- 
ated down with this acid. The chloride also results when the iodide 
is treated with mercuric chloride. It forms white, hexagonal plates, 
very soluble in water or alcohol, sparingly soluble in ether. With 
platinic chloride it forms a double salt, 2[(CH;),SbCl].PtCl,, orange- 
yellow crystals, soluble in hydrochloric acid, very sparingly soluble in 
water, alcohol or ether. 

Tetramethylstibonium bromide, (CH,),SbBr, formed by the 
interaction of the iodide and mercuric bromide, separates in colourless 
crystals, soluble in water or alcohol, but insoluble in ether. 

Tetramethylstibonium iodide, (CH,),SbI.—Trimethylstibine 
and methyl] iodide combine directly to form the iodide, and the com- 
pound may be recrystallised from water. It separates in hexagonal 
plates, soluble in 3-3 parts of water at 23° C. It dissolves also in alcohol, 
but only slightly in ether ; concentrated hydrochloric or sulphuric acid 
liberates hydrogen iodide, and chlorine or bromine liberates iodine. 

Tetramethylstibonium nitrate, (CH;),SbNO,, occurs when the 
lodide in aqueous solution is treated with silver nitrate. It separates 
in small needles, very soluble in water, sparingly soluble in alcohol or 
ether. 4 

Tetramethylstibonium sulphate, [(CH,),Sb],SO,.5H,0.—This 
results when the silver nitrate in the preceding preparation is replaced 
by silver sulphate. Colourless crystals are isolated, M.pt. 150° C., 
which are soluble in water or alcohol, but insoluble in ether. The 
requisite amount of sulphuric acid converts the sulphate to an acid 

1 Landolt, Annalen, 1851, 78, 91; 1852, 84, 44. 


* Bredig, Zeitsch. physikal. Chem., 1894, 13, 301. 
3 Landolt, loc. cit. * Landolt, loc. cit. 
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sulphate, (CH,),Sb.HSO,, quadratic plates, soluble in water, less soluble 
in alcohol and sparingly soluble in ether. 

Tetramethylstibonium sulphide, [(CH,),Sb],5.—The hydroxide 
is converted into the sulphide by the action of hydrogen sulphide. 
The sulphide is an amorphous green powder, dissolving in water or 
alcohol, but insoluble in ether. In the air it rapidly undergoes oxidation. 

Tetramethylstibonium bicarbonate, (CH,),Sb.HCO,.—When 
the hydroxide in aqueous solution is saturated with carbon dioxide 
and the solution evaporated, stellate aggregates of needles separate. 
The bicarbonate gives no precipitate with neutral magnesium salts. 


The following tetramethylstibonium salts are also known: cyanide, 
C,H, .SbCN.H,0, rhombic (pseudo-tetragonal) crystals,* readily soluble 
in water or alcohol, insoluble in ether ; ferrocyanide, (C,H,.Sb),Fe(CN ),. 
12H,0, monoclinic, prismatic, yellowish crystals, losing their water at 
100° ‘o sparingly soluble in alcohol, insoluble in ether ; ? ferricyanide, 
(C,H,.Sb),Fe(CN),.H,0, yellowish plates, becoming anhydrous at 
100° C.; chlorate, C,H,,SbClO3, regular cubes; iodate, C,H,,SbI03. 
2H,O, colourless needles; periodate, C,H,,SbIO,, regular crystals ; 
chromate, (C,H,.Sb),CrO,, pale yellow crystals, soluble in water, 
insoluble in alcohol or ether ;* acid chromate, C,H,,SbCrO,H, red, 
regular crystals,* soluble in hot water, insoluble in alcohol or ether ; 
platinichloride, (C,H,.5b),PtCl,, an orange-yellow powder, sparingly 
soluble in water, insoluble in alcohol; ° acetate, a syrup; ovalate, 
deliquescent crystals, soluble in water or alcohol; malate, (C,H,.Sb). 
C,H,0,, hexagonal plates, decomposing at 70° C.; acid tartrate, needles, 
sparingly soluble; antimonyl tartrate, (C,H,.5b)(SbO)C,H,O,4, a white 
crystalline powder, sparingly soluble in alcohol, insoluble in ether.® 


Tetraethylstibonium hydroxide, (C,H;),SbOH.—The correspond- 
ing iodide is treated with freshly prepared silver oxide in aqueous or 
alcoholic solution, the silver iodide removed and the liquid evaporated 
down, the final stages being conducted in vacuo.’ It is a strongly 
alkaline, viscous liquid, having an intensely bitter taste. It is miscible 
in all proportions with alcohol and water, insoluble in ether. <A very 
strong base, it turns red litmus blue, liberates ammonia from ammonium 
salts, precipitates the hydroxides of the heavy metals from salt solutions, 
and when in excess will redissolve the hydroxides of aluminium and 
tin. It appears to be somewhat volatile at 100° C. and decomposes on 
strong heating. With acids it forms neutral salts. 

Tetraethylstibonium chloride, (C,H;),SbCl, is most readily 
prepared by treating the foregoing hydroxide with hydrochloric acid. 
It separates as deliquescent needles, soluble in water or alcohol. It 
yields the following double salts: with auric chloride, CgH, )SbCl.AuCl,, 
yellow needles, M. a 178° C., soluble in alcohol or acetone, insoluble 
-in water or ether ; with mercuric chloride, 4C gH. SbCl. 3HoCl,. a 
white powder, sparingly soluble in water,? 2CsH,)SbCI.8HgCl,, white 


1 Fock, Ch. Kr., 25, 348; compare Groth, Ch. Kr., 1, 235. 
*“Groth, Cha Ai, leon. 

3 Westphal, Inaug. Dissert. Berlin, 1895, p. 28. 

4 Groth, Ch. K7r., 2.310. 

5 Landolt, loc. cit. 6 Westphal, loc. cit. 

? Lowig, Annalen, 1856, 97, 322; J. prakt. Chem., 1855, 64, 415. 
8 Partheil and Mannheim, Arch. Pharm., 1900, 238, 174. 

® Lowig, loc. cit. 
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plates, soluble in water or alcohol, insoluble in ether, C,H,)SbCl.4H¢Cl,, 
white crystals from water, M.pt. 141° to 142° C., easily soluble in 
alcohol or acetone, insoluble in ether;! with bismuth trichloride, 
C,H, SbCl. BiCl,, pale yellow ; ? with platinic chloride, [|C,H,)Sb],PtCl,, 
yellow crystals, sparingly soluble in alcohol or cold water, readily 
soluble in hot dilute hydrochloric acid or acetone, insoluble in ether, 
decomposing at about 141° C.3 

Tetraethylstibonium bromide, (C,H;),SbBr, prepared in a 
similar manner to the chloride, forms colourless needles, readily soluble 
in water or alcohol.* It yields a double salt with bismuth tribromide, 
3C,H,)SbBr.2BiBrs, a pale yellow product.°® 

Tetraethylstibonium iodide, (C,H;),SbI.1-5H,0.—Triethylstibine 
and ethyl iodide are heated together in a sealed tube at 100° C. in the 
presence of water and the resulting solution evaporated on the water- 
bath.° The iodide also occurs as its double salt with mercuric iodide 
when ethyl iodide is heated with antimony amalgam, Sb,Hg;, in a 
sealed tube at 183° C.’ It crystallises as large, hexagonal prisms, 100 
parts of water dissolving 19-02 parts of anhydrous iodide at 20° C.8 It is 
readily soluble in alcohol, sparingly soluble in ether. A second hydrate 
is known, CgH,,.SbI.4H,O, which forms white needles, readily soluble 
in water or alcohol, sparingly soluble in ether.? The iodide yields a 
number of double salts: with mercuric iodide, 4C,H,.Sb1.3Hegl,, white 
columns from alcohol, sparingly soluble in the hot solvent, insoluble in 
water or ether,!® 2C,H,,.sbI.3H¢I,, melting at about 70° C., and having 
a similar solubility to the preceding compound; with bismuth tri- 
bromide, 83C,H.)Sb1.2BiBr;, a yellow product; 11 3C,H,,.SbI.Bi,ClI, is 
also known but no description is given; with bismuth tri-iodide, 
3C,H,.SbI.2Bil,, red, hexagonal plates; with zodoform, C,H. Sbl. 
CHI1,, decomposing into its constituents when boiled with water.” 

Tetraethylstibonium nitrate, (C,H;),SbNO,, forms long, 
deliquescent needles.% The corresponding sulphate yields small, 
deliquescent crystals. A hydrosulphide is obtained by saturating the 
hydroxide in aqueous solution with hydrogen sulphide; it is a yellow 
oil, soluble in water or alcohol. 

Tetraethylstibonium oxalate, [(C,H;),Sb|],C,0,, is produced by 
neutralising a solution of the hydroxide with oxalic acid and evaporating 
down. 

The following tetraethylstibonium compounds are also known: 
carbonate, deliquescent crystals ; formate, hexagonal needles ; acetate, 
succinate, tartrate and racemate, all of which are syrups, difficult to 
crystallise. 

Tetrapropylstibonium hydroxide, (C,;H,),SbOH.—When the 
iodide or its double salt with mercuric iodide is treated with freshly 
prepared silver oxide the base is obtained as a very hygroscopic mass.‘ 


1 Partheil and Mannheim, loc. cit. 

* Jorgensen, J. prakt. Chem., 1871, [ii], 3, 342. 

3 Buckton, Quart. J. Chem. Soc., 1860, 13, 119; compare Partheil and Mannheim, 
Jahresber., 1860, p. 373. 


4 Lowig, loc. cit. 5 Jérgensen, loc. cit. 
6 Lowig, loc. cit. * Partheil and Mannheim, loc. ci. 
8 Lowig, loc. cit. - 9 Partheil and Mannheim, loc. cit. 
10 Lowig, loc. cit. 11 Jorgensen, loc. cit. 


12 Steinkopf and Schwen, Ber., 1921, 54, [B], 2969. 1° Lowig, loc. cit. 
14 Partheil and Mannheim, loc. cit. 
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Tetrapropylstibonium chloride, (C,H,),SbCl, obtained in the 
usual manner, separates as hygroscopic needles. It forms the follow- 
ing double salts: with auric chloride, C;,H,,5bCl.AuCl;, yellow needles, 
M.pt. 98° C., readily soluble in acetone or warm alcohol, very sparingly 
soluble in ether ; with mercuric chloride, C;,H,,5bCl.HgCl,, glistening 
needles from water, M.pt. 120° to 121° C., having a similar solubility 
to the preceding compound ; with platinic chloride, (C;,H,.Sb),PtCleg, 
yellow-red octahedra, decomposing at 138° C., readily soluble in warm 
water, alcohol or acetone, sparingly soluble in ether. The picrate is a 
yellow, crystalline solid, M.pt. 67-5° C. 

Tetrapropyistibonium iodide, (C,H,),SbI, occurs as its double 
salt with mercuric iodide, C,,H.,SbI.HgI,, when antimony amalgam, 
Sb,Hg,, is heated with propyl] iodide in a sealed tube at 183°C. It may 
also be obtained by the interaction of propyl iodide and a potassium- 
antimony alloy. The mercuri-iodide mentioned above forms yellow, 
crystalline columns, M.pt. 103-5° C., readily soluble in acetone, in- 
soluble in water or ether. 


Compounds of the Type Alk’Alk,SbX. 


Methyltriethylstibonium hydroxide, (C,H;),(CH;)SbOH, may 
be obtained by treating the iodide with moist silver oxide, or the sulphate 
in aqueous solution may be treated with barium hydroxide, the barium 
sulphate removed and the filtrate evaporated in the absence of carbon 
dioxide.t It is a yellow, non-volatile oil, having a strong alkaline 
reaction. It dissolves in water or alcohol, liberates ammonia from 
ammonium salts and precipitates many hydroxides of the metals. 

Methyltriethylstibonium chloride, (C,H,;),(CH,)SbCl.—Hot 
aqueous solutions of the iodide and mercuric chloride when mixed 
precipitate the double salt with mercuric iodide, C,H,,SbI.HgI,, and 
the filtrate from this contains the chloride. The hydroxide or carbonate 
is converted to the chloride when treated with hydrochloric acid. The 
chloride crystallises in needles. 

Methyltriethyistibonium iodide, (C,H;),(CH3;)SbI.—Triethyl- 
stibine is suspended in warm water and treated with methyl iodide 
until the odour of the stibine disappears. The solution on evaporation 
to dryness yields colourless, air-stable, hexagonal prisms, soluble in 
about two parts of water at 20° C., soluble in alcohol, very sparingly 
soluble in ether. The iodide yields two double salts with mercuric 
vodide, C,H,gSbI.HgI,, yellow plates, sparingly soluble in alcohol, 
insoluble in water, and 2C,H,,SbI.3HglI,, crystallising from alcohol in 
yellow needles, sparingly soluble in ether, insoluble in water. 


The following methyltriethylstibonium salts are prepared by the 
usual methods: sulphate, colourless, deliquescent crystals, M.pt. 100° C. ; 
nitrate, anhydrous needles, very soluble in water; carbonate, syrupy 
mass; formate, needles, sparingly soluble in cold water or alcohol, 
more soluble in hot water ; acetate, anhydrous needles, very soluble in 
water ; butyrate, similar to the acetate; normal oxalate, needles, fairly 
soluble in water ; acid owalate, needles, very soluble in water ; tartrate, 
non-crystallisable syrup ; and the hydrosulphide, an oil. 


1 Friedlander, Jahresber., 1857, p. 423; J. prakt. Chem., 1857, 70, 456. 
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Methyltri-n-propylstibonium iodide,! (C,H,),(CH,)SbI, occurs 
when a mixture of 3 c.c. of tri-n-propylstibine and 4 c.c. of methyl 
iodide is kept for a week. Removal of the excess of methyl iodide 
gives 5-8 grams of the stibonium iodide, M.pt. 140° C., soluble in water 
or alcohol, insoluble in ether. When the aqueous solution is boiled, 
stibine is slowly evolved, 

Methyltri-n-propylstibonium hydroxide, (C,H,),(CH,)S5bOH, 
is prepared by dissolving the foregoing methiodide in cold water and 
shaking the solution with freshly prepared silver oxide. Filtration and 
removal of the solvent under reduced pressure gives the hydroxide as 
an oil. The base is soluble in water, absorbs carbon dioxide and reacts 
alkaline to litmus. It precipitates cupric, stannous, ferric, aluminium 
and zine hydroxides from the respective salt solutions. 

The stibonium sulphate is an oil, readily soluble in water, and the 
chloroplatinate, |CH;(C,H,),5b],PtCl,, melting with decomposition at 
142° C., is prepared by dissolving the hydroxide in boiling dilute hydro- 
chloric acid, filtering if necessary, and adding an excess of chloro- 
platinic acid to the hot solution, when, on cooling, the chloroplatinate 
is deposited as reddish-gold plates. 

Ethyltri-n-propylstibonium iodide, (C;H,),(C,H;)SbI, when 
prepared from its components, requires a month for completion of 
the reaction at the ordinary temperature, but at 100° C. only four 
hours are required. It yields large white crystals, melting with decom- 
position at 185° C., and dissolving in water or alcohol. The corre- 
sponding hydrowide is an oil, which attacks filter-paper; its aqueous 
solution is alkaline and precipitates the sparingly soluble hydroxides 
of the metals from salt solutions. The chloroplatinate, M.pt. 141° C. 
(with decomposition), separates from dilute alcohol as stellate clusters 
of fine, orange-red needles. 

Methyltri-n-butylstibonium iodide, (C,H,),(CH;)SbI, occurs 
when its components are allowed to stand together for two weeks. 
It is a viscous oil admixed with crystals. When its alcoholic solution 
is boiled in air, a precipitate of tri-n-butylstibinic metantimonite is 
slowly produced. The hydrowide is an oil and the chloroplatinate forms 
golden plates melting with decomposition at 134° C. 

Methyltri-n-amylstibonium iodide, (C;H,,),(CH,)SbI, requires 
three months out of contact with air in order to be obtained from its 
components. It yields a mixture of oil and crystals, soluble in water 
or alcohol, insoluble in ether. The hydrowide absorbs carbon dioxide 
from the air, reacts alkaline to litmus and is readily soluble in dilute 
acids. The sulphate is an oil, dissolving in water, and the chloro- 
platinate forms glistening brown plates, M.pt. 127° C. (decomposition). 


Compounds of the Types ArAlk,SbX and ArAlk’Alk,SbX. 


Phenyltrimethylstibonium iodide, (C,H;)(CH,;),SbI.—Phenyl- 
dimethylstibine and an excess of methyl iodide react rapidly at room 
temperatures to yield this iodide and the reaction is completed by 
boiling under reflux. A quantitative yield of fine snow-white needles 
is obtained, readily soluble in water or alcohol, sparingly soluble in 
ether or petroleum ether. When heated to about 235° C. iodine vapour 


is evolved. 
1 Dyke and Jones, J. Chem. Soc., 1930, p. 1921. 
2 Griittner and Wiernik, Ber., 1915, 48, 1759. 
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The iodide may readily be transformed to the picrate,t which 
crystallises from water in needles, M.pt. 153° C., nitration yielding 
m-nitrophenyltrimethylstibonium picrate, (C,H,.NO,)(CH;),5b.0C,H, 
(NO,)3, needles, M.pt. 208° C. 

Phenyldimethylethylstibonium iodide,” (C,H;)(C.H;)(CH;)Sbl. 
—The methyl iodide in the preceding preparation is replaced by an _ 
excess of ethyl iodide and the mixture heated in a sealed tube for 
five hours. The iodide crystallises in white needles, soluble in water 
or alcohol, insoluble in ether. Towards 150° C. it evolves some iodine 
vapour, but tends to sublime at 225° C. 

Phenylmethyldiethylstibonium iodide, (C,H;)(C,H;).(CH,)SbI, 
occurs in quantitative yield when phenyldiethylstibine and methyl 
iodide are heated together in a sealed tube for two hours at 100° C. 
It crystallises from alcohol as shining white needles, subliming with 
some previous loss of iodine at 225° C. The solubility is the same as 
for the preceding compounds. Ethyl iodide does not combine with 
phenyldiethylstibine even after five hours’ heating at 100° C. 


CoMPOUNDS OF THE TypES RSbX, AND R,SbX. 


When compounds of the types R,SbX, and R,SbX, are heated 
in vacuo, alkyl halide is evolved and di- or mono-halogenated stibines 
produced respectively : 

R,SbX,=RSbX,+RX 
R,SbX,=R,SbX +RX 


Water converts methyldichloro- or methyldibromo-stibine to the oxide, 
and any compound of the type RSbxX, is transformed to the sulphide, 
RSbS, by the action of hydrogen sulphide. The monohalogenated 
compounds, R,SbX, absorb atmospheric oxygen, yielding oxyhalides, 
R,SbOX, whilst chlorine and bromine give trihalides, R,SbX3, hydrolysis 
of which yields the corresponding acids, R,SbO(OH),. 

Methyldichlorostibine, CH,SbCl,, occurs when dimethylstibinic 
chloride, (CH;),SbCl;, is heated in a vacuum of about 600 mm. until 
no further evolution of methyl chloride takes place. The residual oil 
on fractionation yields the stibine as an oil, B.pt. 115° to 120° C. at 
60 mm., which does not solidify in an ice-chest after standing for 
several days. It is readily decomposed by water, giving methylstibine 
Oxide... 

Methyldibromostibine, CH,SbBr,.—Dimethylstibiniec bromide 
loses methyl bromide when allowed to stand in a desiccator and finally 
yields greyish-white feathery needles of methyldibromostibine. When 
recrystallised from carbon disulphide and ether the stibine melts at 
42°C. Itis non-inflammable and non- -oxidisable 1 in alr, but is hydrolysed 
in water or alkaline solution. 

Methyldi-iodostibine, CH,SbI,, arises from the spontaneous 
decomposition of dimethylstibinic iodide. It crystallises from carbon 
disulphide in rosettes of bright yellow needles, M.pt. 110° C. 

Methylstibinoxide, CH,SbO.— When the dichlorostibine is agitated 
with water and the solution kept neutral by occasionally adding alkali, 


1 Ingold, Shaw and Wilson, J. Chem. Soc., 1928, p. 1280. 
2 Griittner and Wiernik, loc. cit. 
3 Morgan and Davies, Proc. Roy. Soc., 1926, 110, 523. 
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a white amorphous product results, which appears to be the impure 
oxide. Treatment with hydriodic acid gives the di-iodide. 

Methylstibine sulphide, CH,SbS, is formed by the action of 
hydrogen sulphide on any of the monomethyl antimonials. It is a 
lemon-yellow powder, sparingly soluble in carbon disulphide or benzene, 
and fuses to a resinous mass at about 70° C. 

Dimethylchlorostibine, (CH,),SbCl, results when  trimethyl- 
stibine dichloride is heated in a distilling flask at a vacuum of 600 mm. in 
a current of carbon dioxide, Methyl! chloride is evolved and the chloro- 
stibine left as residue is distilled.1 It is a colourless liquid, B.pt. 155° 
to 160° C. at 750 mm., having a pungent and very disagreeable odour. 
Even under a layer of light petroleum it is readily oxidised by slow 
absorption of dissolved oxygen, and at 40° C. it becomes spontaneously 
inflammable in air. With chloroplatinic acid it yields an orange 
precipitate. The oxidation mentioned above leads to the production of 
dimethylstibine oxychloride, (CH;),S5bOCI, which is a white amorphous 
substance, having no smell and moderately soluble in hot water, from 
which it separates unchanged on cooling. Prolonged boiling of the 
oxychloride for 8 hours causes hydrolysis, amorphous dimethylstibinic 
acid resulting. If a fairly rapid stream of chlorine be passed for about 
10 minutes into 50 c.c. of dry carbon disulphide cooled in ice and salt, 
about 10 grams of the chlorostibine then added and chlorination con- 
tinued until the solution begins to develop a brown colour, a white 
crystalline deposit is obtained. The latter is dimethylstibinic chloride, 
(CH,),SbCl,, which is more stable than the corresponding bromo-deriva- 
tive, but fairly easily loses methyl chloride, giving a colourless oily liquid. 

Dimethylbromostibine, (CH,),SbBr.—Trimethylstibine dibromide 
loses methyl bromide and yields the bromostibine when heated at 
80 to 100 mm. pressure in a carbon dioxide atmosphere. Freshly 
distilled dimethylbromostibine slowly solidifies to a mass of almost 
colourless crystals, which at first melt indefinitely at 40° C., but when 


the specimen is kept in air-free vessels, the melting-point rises to 89° C. 
and the B.pt. is 175° to 180° C. at 750 mm. The compound is extremely 


oxidisable and special apparatus has been devised for its analysis (p. 261). 
Dimethylstibine oxybromide, (CH,),SbOBr, is obtained in a similar manner 
to the corresponding chloro-compound, which it resembles in properties. 
Dimethylbromostibine reacts with a solution of bromine in carbon 
disulphide at —10° C*, yielding dimethylstibinic bromide, (CH) SbBr3. 
This crystallises in feathery needles, which rapidly lose methyl bromide 
and form methyldibromostibine. Hydrolysis of this bromide, like that 
of the foregoing oxybromide, leads to the production of white amorphous 
dimethylstibinic acid. 

Dimethyliodostibine, (CH,),SbI, occurs when trimethylstibine 
di-iodide is heated at 60 to 80 mm. pressure. It yields clear yellow 
flaky crystals, M.pt. 86° C., which are converted by air oxidation to 
dimethylstibine oxyiodide, (CH,),SbOI, which is slightly soluble in hot 
water and slowly hydrolysed in warm solutions. 

Dimethylcyanostibine, (CH,),SbCN, is prepared in a similar 
manner to the foregoing compounds, trimethylstibine cyanobromide, 
(CH,),5bBrCN, being heated to about 160° C. in the specially designed 
apparatus shown.? Calculated amounts of cyanogen bromide dissolved 


1 Morgan and Davies, Proc. Roy. Soc., 1926, 110, 523. 
2 Morgan and Yarsley, loc. cit. 
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in petroleum (B.pt. 40° to 60° C.) are introduced through the tap funnel 
C into the distillation flask D, this vessel being cooled to —5° C.  Nitro- 
gen or carbon dioxide is passed through the apparatus to displace air 
and trimethylstibine is then distilled gradually from the flask A into 
the receiver B, and thence it is added in appropriate quantity and with 
constant shaking to the cyanogen bromide in the flask D. The cyano- 
bromide having been prepared, the taps E and F are closed and the 
light petroleum removed from the flask D by distillation. The distillate 
is either collected in N or removed from the apparatus by gentle aspira- 
tion at the tap M. During this operation care is taken to keep the 


HIG. 5s 


condensing bulbs G, H, J and K free from deposited oxide. The appara- 
tus is then exhausted to about 10 mm. pressure, and the flask D, 
containing the trimethylstibine cyanobromide, is gradually heated to 
about 160° C., when decomposition of the cyanobromide sets in and 
a colourless deposit separates in the first bulb G, the intervening tube 
T, which is packed with glass-wool, being warmed by means of several 
coils of resistance wire. The bulk of the product which collects in the 
first bulb G is re-sublimed into the second bulb H, and this operation 
repeated, so that the solid product of the thermal decomposition is 
finally collected in a pure condition in the weighed glass cylinder K. 
By opening the screw clip E nitrogen or carbon dioxide is admitted ; 
the cylinder K is then removed, fitted with rubber stoppers and weighed, 
air being excluded during this operation. In this way a weighed 
quantity of the product is isolated in a container readily adaptable 
to analytical requirements. 

The cyanide is a colourless crystalline compound, M.pt. 113° to 
114° C., has the nauseating odour of volatile aliphatic antimonials, but 
beyond exerting a slight irritant action on the eyes and respiratory 
passages, its effects are not injurious. It is insoluble in water, but 
readily soluble in alcohol or ether. In air it rapidly oxidises, forming 
dimethylstibine oxycyanide, (CH), SbOCN, a white, crystalline compound, 


ALIPHATIC COMPOUNDS OF ANTIMONY. 187 


sintering slightly at 120° C. and decomposing completely at higher 

temperatures. . 
Dimethylstibine oxide, [(CH;),Sb]|,O, is prepared by treating the 

corresponding bromide with aqueous sodium hydroxide or saturated 

aqueous potassium carbonate solution. It is a colourless oil, spon- 

taneously inflammable in the air at ordinary temperatures. 
Bisdimethylstibine trisulphide, 


| 
S 


A suspension of dimethylstibine oxybromide in water is subjected to 
the action of a rapid stream of hydrogen sulphide. A light yellow 
precipitate results, this being extracted with carbon disulphide, from 
which the trisulphide separates as a light yellow powder, M.pt. 76° to 
Tete Oe 
COMPOUNDS OF THE TyPE R,Sb.SbR,. 
Tetramethyldistibine or Antimony Cacodyl,* 


CH ig ee 
CH,“ CH, 


has not been isolated in the pure state, but the following account shows 
the progress of its investigation to date. Dimethylbromostibine, 
heated with zinc in sealed tubes filled with carbon dioxide, yields 
trimethylstibine and some tetramethyldistibine. The latter cannot be 
separated from the less volatile fractions owing to its decomposition 
into trimethylstibine and antimony, but it may be identified by adding 
methyl iodide to the oily mixture. A pale yellow crystalline product 
separates, and is recrystallised from alcohol, the first crops of crystals 
consisting of a yellow substance, and the final mother liquors yielding 
tetramethylstibonium iodide. Repeated crystallisation of the yellow 
substance from alcohol finally yields bright yellow needles or leaflets 
having the composition [2(CH,;),SbI.(CH,),SbI.CH3I], confirmed by 
adding to an excess of methyl iodide one molecular proportion of tetra- 
methylstibonium iodide and two molecular proportions of dimethyl- 
iodostibine. Molecular weight determinations of the synthetic product 
and the original product give values 970 and 1003 respectively. 

Tetra-amyldistibine,* [(C,;H,,),Sb],, is said to occur when 
potassium-antimony alloy, amyl iodide and triamylstibine are allowed 
to react. This amyl antimony cacodyl is a greenish-yellow aromatic- 
smelling mobile liquid of bitter taste. It is insoluble in water, miscible 
in all proportions with alcohol or ether, explodes when heated in oxygen 
and is decomposed by fuming nitric acid. Evaporation of its ether 
solution yields an owide, [(C;H,,).5b|,0, which has similar properties 
to the radical itself. 


1 Morgan and Davies, loc. cit. 2 Compare Landolt, Jahresber., 1863, p. 571. 
3 Morgan and Davies, Proc. Roy. Soc., 1926, 110, 532. 
4 Berlé, J. prakt. Chem., 1855, 65, 385. 
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COMPOUNDS OF THE TyPrE R,Sb. 


ALTHOUGH six types of tertiary aromatic arsines are known, only three 
varieties of corresponding stibines have been described to date, namely, 
Ar,Sb, Ar,AlkSb and ArAlk,Sb. The most numerous compounds are 
those of the type Ar,Sb, and their preparation is effected by the follow- 
ing methods :— 

(1) By using the Fittig reaction, antimony trihalides and aryl 
halides reacting in ether or benzene solution in the presence of sodium 
in the following manner : 


3RX+SbX,+6Na=R,Sb +6NaX 


(2) By the interaction of magnesium aryl halides and antimony 


trihalides : 
3MeRX +SbX,=R.Sb +3MeX, 


If antimony trisulphide replaces the trihalide the yield is very poor. 
(3) In the case of tri-p-anisylstibine an aryl halide is allowed to 
react with sodium antimonide : 


3RX + Na,Sb =R,Sb + 8NaX 


The yield in this case is poor. 

(4) Primary arylstibinoxides are heated in the dry state or in 
the presence of certain solvents. Antimony trioxide is liberated and 
secondary arylstibinoxides or tertiary stibines result. Each individual 
reaction seems to require its own particular set of conditions : 

Heat at 180° to 200° C. 


BCoHs-SbO TT icasino,”  (CoHls)sSb +Sb.0, 


Reflux in CH,OH for 3 hours 


8CH,.CO.NH.C,H,.SbO y > (CH,.CO.NH.C,H,),Sb +Sb,0, 


Heat at 120° to 125° C. 
for 1 hour in CO, a (NH,.C,H,)3Sb ne Sb,0, 


3NH.,.C,H,.SbO 


Much depends upon the solvent used in this type of reaction. Acetic 
acid containing tartaric acid converts primary oxides into secondary 
oxides, so that using these solvents we have the following reaction - 
instead of the first in the three foregoing equations : 


4C,H;.SbO —+ [(C,H;),Sb],0 +Sb,0, 
188 
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Several special methods of preparation are worth noting: 4 

(1) A tri-m-nitrotriphenylstibinic acid may be reduced by zinc dust 
and ammonium chloride in alcoholic solution to a tri-m-aminotripheny]l- 
stibine. The method has also been applied to the preparation of 
tri-5-aminotri-m-xylylstibine. 

(2) Tri-5-nitrotri-m-xylylstibine dinitrate may be reduced to the 
stibine by solution in absolute alcohol containing ammonium hydroxide 
and passing hydrogen sulphide into the boiling solution for six hours. 
The method may also be used for the p-tolyl compound. 

(3) Tri-5-nitrotri-m-xylylstibine also occurs when tri-6-bromotri- 
5-nitrotri-m-xylylstibine oxide in boiling alcohol is added to a boiling 
aqueous solution of sodium thiosulphate. 

(4) Tri-m-iodotri-p-tolylstibine and tri-5-iodotri-m-xylylstibine are 
formed by diazotising the corresponding amines and treating the di- 
azonium compounds with potassium iodide. 

The types ArAlk,Sb-and Ar,AlkSb are both prepared by the aid 
of the Grignard reagent : 


ArSbX, + 2AlkMgeX = ArAlk,Sb +2MgeX, 
Ar,SbX + AlkMeX = Ar,AlkSb +MgX, 


All the compounds of the type Ar,Sb are solids, adding on halogens 
to form dihalides, Ar,SbX,. The higher chlorides of copper, iron, 
thallium, phosphorus and arsenic react with triarylstibines to yield 
dichlorides, R,SbCl,, and the lower chloride of the metal or metalloid. 
Mercuric chloride combines with the compounds, giving mercurichlorides, 
and it is noteworthy that whilst tri-o-tolylstibine mercurichloride is 
stable when its alcohol solution is boiled or when the compound is 
heated at 250° C. in a sealed tube, the corresponding m- and p-tolyl 
derivatives and the p-anisyl and p-phenetyl compounds decompose: 
under these conditions, yielding arylmercuric chlorides, RHgCl. Unlike 
triphenylarsine, the corresponding stibine does not combine with 
methyl iodide to give a stibonium compound, but is decomposed, 
forming trimethylstibine di-iodide, iodobenzene and ethane, whilst 
zine dimethyl also disrupts the molecule, giving toluene, antimony 
and zine. When triphenylstibine is heated with arsenic, the antimony 
is replaced by arsenic. Triarylstibines dissolve in concentrated 
sulphuric acid, yielding sulphates, R,SbSO,, and nitration affords 
trinitro-compounds in which the nitro-groups enter into the ring in 
the meta position to the antimony. Stibines containing amino-groups 
in the nucleus can be benzoylated, diazotised, and condensed with 
picryl chloride. In the case of mixed stibines, the type Ar,AlkSb 
does not form stibonium compounds, whereas the type ArAlk,Sb 
readily combines with alkyl iodides. It should be noted that in this 
Volume, Part II, p. 72, it was pointed out that tertiary arsines of the 
type Ar,AlkAs (where the two aryl groups are identical) show little 
tendency to form quaternary arsonium compounds. The principal 
reactions in which tertiary stibines are capable of taking part are 
illustrated in the following schemes, using m-xylyl and p-tolyl compounds 
as examples.? 


1 Goddard, Trans. Chem. Soc., 1923, 123, 2319; Goddard and Yarsley, J. Chem. Soc., 
1928, p. 719. 

* Goddard, Trans. Chem. Soc., 1923, 123, 2315; Goddard and Yarsley, J. Chem. Soc., 
1928,. p. 719, 
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Compounds of the Type Arb. 
Triphenylstibine, (C,H;),Sb, may be prepared in a variety of 
ways: (1) By the Fittig reaction 1—40 grams of antimony trichloride, 
1 Michaelis and Reese, Annalen, 1886, 233, 45; Ber., 1882, 15, 2876. 
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40 grams of chlorobenzene and 50 grams of sodium are allowed to react 
in 4 volumes of dry benzene. A violent reaction takes place and the 
mixture may require cooling. Afterwards the whole is boiled for some 
time on the water-bath and then filtered, the filtrate being concentrated 
to small bulk. A solid separates, which consists of triphenylstibine 
with diphenylstibinic chloride and triphenylstibine dichloride as by- 
products. Treatment with alcoholic hydrochloric acid removes the 
first of the by-products, and if the residue 

obtained be then- chlorinated in lght oak: 

petroleum, the whole is converted into tri- tt, 

phenylstibine dichloride. This product, 4 

after crystallisation from alcohol, is dis- PB \ 

solved in alcoholic ammonia and reduced 
by hydrogen sulphide. Triphenylarsine 
separates out as the solution cools, the i 
heat evolved being due to the reduction 

process. 

A larger scale preparation may be 
conveniently carried out using the appar- 
atus shown.? 

A cylindrical steel reaction vessel (3 
litres capacity), fitted with a steel cover 
rendered gas-tight by an asbestos washer, 
is supported by four upright steel rods 
fixed in a trough with a waste pipe leading 
to the sink. Round the outside of the 
reaction vessel, and near the top, a per- 
forated water-pipe is carried concentric- 
ally, and attached to the steel supports. 
By this means, a stream of cold water can 
be distributed over the outer surface of 
the reaction vessel, which may also be 
heated by a rose burner. 

The cover of the reaction vessel, A, 
which is perforated to admit a thermo- Fie. 4. 
meter, carries also the following fittings : 

(a) A central steel comb stirrer provided with a pulley for mechanical 
stirring. 

(b) A water-cooled steel reflux condenser. 

(c) A baffle plate projecting into the vessel to assist in the mixing 
of the contents and to prevent the rotating liquid from splashing up 
in the condenser. 

(d) A sodium dropping apparatus, C, consisting of a cylindrical steel 
container (1 litre capacity) with a curved bottom perforated at its 
lowest point with an outlet hole (0-6 cm. in diameter). A steel tap and 
a sight-feed with transparent silica windows attached to the base of 
the container enable the operator to regulate the flow of molten 
sodium. 

A ring burner placed under the base of the sodium container just 
above the outlet tap is used to keep the metal in a molten condition. 
The steel cover of the container, made air-tight with an asbestos washer, 
carries a thermometer and a hand stirrer, shaped to scour the bottom 

1 Morgan and Vining, Trans. Chem. Soc., 1920, 117, 777. 
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of the container and provided with a sharp prong to dislodge any 
obstacle in the outlet tap. 

(e) A cylindrical glass reservoir, B, for liquid (capacity, 800 c.c.), 
with steel ends, fitted with a vertical outlet tube to the reaction vessel, 
a needle valve regulated by a spindle, and a sight-feed with glass 
window. The steel cover of this reservoir is fitted with a screw- 
stoppered inlet and with a valve for introducing compressed air, so 
that the contained liquid is expelled under slight pressure. 

Freshly distilled antimony trichloride (344 grams), chlorobenzene 
(510 grams) and xylene (400 ¢.c.) are mixed, and the solution is divided 
equally between the reservoir and the reaction vessel. In the latter 
case, 600 c.c. of xylene are added as diluent. Sodium (210 grams), 
covered with 500 c.c. of xylene, is placed in the sodium container, and 
the preparation of the stibine effected at 70° C. After filtering off in 
the Bornett press the dark grey, granular sodium chloride, the filtrate, 
on distilling up to 220° C., leaves a residue of triphenylstibine (M.pt. 
48° to 50° C.),. 

(2) By the Grignard reaction—Antimony chloride (18 grams) as a 
10 per cent. solution in benzene is added to the Grignard solution from 
50 grams of bromobenzene and 7-2 grams of magnesium in dry ether. 
The whole is boiled for six hours, then distilled in steam to remove 
benzene and bromobenzene. The residue is treated with small quan- 
tities of alcohol to remove admixed diphenyl, then crystallised from 
alcohol. The yield is said to be nearly quantitative. } 

(3) Phenylstibine oxide is heated in an oil-bath at 180° to 200° C. 
for four hours and a stream of carbon dioxide passed in. The product 
is extracted with ether, the solvent removed and the solid recrystallised 
from acetic acid.? : | 

Triphenylstibine crystallises as colourless, triclinic plates, M.pt. 
48° C.,? B.pt. 231° to 232° C. at 16 to 18 mm. or above 360° C. at 
760 mm. with partial decomposition. Its density is 1-4998 at 12° C., 
[Ha 162-61 at 14° C.4 It may be purified by conversion into the corre- 
sponding sulphide and decomposing the latter (see p. 205). It combines 
with the halogens, forming dihalides, and it reacts with cupric and ferric 
chlorides, forming triphenylstibine dichloride and the lower chloride 
of the metal. It is decomposed by mercuric chloride, forming pheny]- 
mercuric chloride and antimony trichloride. With methyl iodide it 
gives trimethylstibine di-iodide, iodobenzene and ethane; with zinc 
dimethyl! it yields toluene, antimony and zinc. It dissolves in fuming 
nitric acid, forming tri-m-nitrotriphenylstibine dinitrate.®> When heated 
with arsenic, triphenylstibine yields triphenylarsine and antimony. 
it reacts with thallic chloride, yielding thallous chloride and triphenyl- 
stibine dichloride. With phosphorus and arsenic trichlorides and 


with titanium tetrachloride, the main product is triphenylstibine 
dichloride.’ 


* Morgan and Micklethwait, Trans. Chem. Soc., 1911, 99, 2290; see Pfeiffer, Ber., 
1904, 37, 4621; Carré, Bull. Soc. chim., 1913, [iv], 13, 102. 

* Schmidt, Annalen, 1920, 421, 242; see German Patent, 389151. 

3 Schmidt, M.pt. 53° C. 

4 Ghira, Gazzetta, 1894, 24, [i], 317. 

° In addition to dinitrate, some tri-m-nitrotriphenylstibine oxide and hydroxynitrate 
are probably formed.—AvTHoR. 

6 Goddard, Trans. Chem. Soc., 1922, 121, 40. 

* Challenger and Pritchard, Trans. Chem. Soc., 1924, 125, 864. 
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 Tri-m-aminotriphenylstibine, 


iS 
; a ty 

NH, 3 
This may be obtained in two ways: (1) Tri-m-nitrotriphenylsti- 
binic acid is reduced by zine dust and ammonium chloride in 
alcoholic solution, and the mixture filtered into ice-cold water after 
30 minutes. The base is collected, converted into the hydrochloride, 
and re-liberated by ammonium hydroxide.! (2) m-Aminophenylstibin- 
oxide is heated in a stream of carbon dioxide for about one hour at 
120° to 125° C., or until a test portion, oxidised with alkaline hydrogen 
peroxide and then treated with hydrochloric acid, gives no precipitate 
of diaminodiphenylstibinic acid. The mass is then extracted with 
acetone and water added, whereby an oil separates and soon solidifies. 

The stibine crystallises from alcohol in bushy needles, M.pt. 124° C.? 
This product is anhydrous, but when recrystallised from glacial acetic 
acid it melts at about 80° C. and contains 0-5 molecule of water, which 
may again be removed by recrystallisation from alcohol or heating 
at 100° C. 

Tri-p-acetylaminotriphenylstibine, (CH,.CO.NH.C,H,),5b.?— 
p-Acetylaminophenylstibinoxide (50 grams) is suspended in 400 c.c. of 
methyl alcohol and boiled for three hours in a carbon dioxide atmo- 
sphere. The liquor is filtered whilst hot and part of the stibine separates 
on cooling. This is removed, the filtrate evaporated, and the residue 
extracted with moist acetone, the stibine being precipitated from the 
extract by the addition of water. The total yield is about 23 grams.* 
The compound exists in three modifications: The a-form crystallises 
from methyl alcohol in needles, sintering towards 205° C., when it 
becomes turbid, then appears to solidify, and finally melts completely 
towards 270° C. The B-form may be obtained from the a-form by 
recrystallisation of the latter from anhydrous acetone, the resulting 
product melting at 268° C. When the a-form is dissolved in acetone 
containing a little water, then water added until turbidity is produced, 
a y-form separates, which sinters at 225° C. This y-form, when 
crystallised from a large volume of boiling methyl alcohol, is converted 
into the a-form. The three modifications appear to contain the following 
amounts of water of crystallisation: a, 0-5 H,O; £, anhydrous ; 


y, 3 H,0. 


Tri-o-tolylstibine,° 
| 
CH, 


3 


occurs when 51 grams of o-bromotoluene, 36 grams of antimony tri- 
bromide and 50 grams of sodium are allowed to react in 4 volumes of 
benzene. When the reaction subsides the mixture is allowed to stand 
for 4 to 5 days, then filtered, and the residue washed with benzene. 


Morgan and Micklethwait, Trans. Chem. Soc., 1911, 99, 2292. 
Schmidt, Annalen, 1920, 421, 174. 

Schmidt, Annalen, 1922, 429, 123. 

Compare German Patent, 431202. 

5 Michaelis and Genzken, Annalen, 1887, 242, 164; Ber., 1884, 17, 924. 
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The filtrate and washings are concentrated to small bulk and treated 
with light petroleum, the solid which separates being crystallised from 
alcohol. It forms fine needles, M.pt. 112° to 118° C., easily soluble 
in chloroform, benzene or ether, less soluble in alcohol. The mercuri- 
chloride, (C7H,),Sb.HgCl,, crystallises in plates, softening at 125° C. 
and melting at 135° C.; it does not decompose when its alcoholic 
solution is boiled or when heated at 250° C. in a sealed tube. 


Tri-m-tolylstibine, 
nh »— Sb 


forms colourless crystals from alcohol, M.pt. 67° to 68° C., density 
1:3957 at 15-7° C. The yield is 65 per cent. when the preparation is 
conducted on the same lines as for the foregoing ortho-compound. The 
mercurichloride softens at 100° C. and melts with decomposition at 
140° C.; when its alcoholic solution is boiled, it yields m-tolylmercuric 


chloride. 
Tri-p-tolylstibine, 
Die emo 
Lai a: 


The same quantities of material are used as for the ortho-isomeride, 
and the mixture worked up after standing for 2 to 3 days. About 
25 grams or 63 per cent. of crude product result. The stibine also 
occurs when antimony tribromide reacts with p-tolyl magnesium 
bromide in ether solution.1 It forms colourless highly refractive 
crystals from alcohol, M.pt. 127° to 128° C., density 1-35448 at 15-6° C., 
readily soluble in chloroform, less soluble in benzene or ether, sparingly 
soluble in alcohol or light petroleum. The mercurichloride is formed 
when alcoholic solutions of the components are mixed in the cold ; 
if the solutions are boiling, p-tolylmercuric chloride results. The 
mercurichloride crystallises from ether in pearly plates or needles, 
M.pt. 175° C. with previous sintering at 165° C. 
Tri-m-aminotri-p-tolylstibine,’ 


ee 
boas ae 
NH, 3 


Tri-m-nitrotri-p-tolylstibine dinitrate (7 grams) is boiled for 8 hours 
with a solution of 250 c.c. of 90 per cent. alcohol containing 5 grams of 
ammonium chloride, 15 c.c. of ammonium hydroxide and 15 grams of 
zinc dust, a further 8 grams of zine dust being added each hour. The 
solution is filtered at room temperature into 2 litres of water, the brown 
solid collected, dissolved in 250 ¢c.c. of warm 15 per cent. hydrochloric 
acid, and the amine precipitated from the filtered solution by the addition 
of ammonium hydroxide. When recrystallised from chloroform-light 
petroleum, a pinkish-grey powder is obtained, M.pt. 92° C. 
Tri-m-iodotri-p-tolylstibine, (C,H,I),Sb.—The foregoing amine 
(3 grams) is dissolved in 20 c.c. of concentrated hydrochloric acid and 
200 c.c. of water. The solution is diazotised with 2 grams of sodium 


1 Pfeiffer, Ber., 1904, 37, 4620. 
2 Goddard and Yarsley, J. Chem. Soc., 1928, p. 719. 
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nitrite and 5 grams of potassium iodide added. The mixture is then 

gently warmed for three hours on the water-bath. The precipitate, 

when crystallised from chloroform-light petroleum, is a reddish-brown 

powder, sintering at 136° C. and melting at 146° C. to a dark red liquid. 
Tri-p-anisylstibine,! 


feo > | 


This stibine may be obtained in two ways: (1) By the interaction of 
sodium antimonide and p-bromoanisole at high temperatures. (2) By 
treating antimony trichloride and p-bromoanisole with thrice the 
equivalent quantity of sodium in benzene solution, 200 grams of p- 
bromoanisole giving 68 grams of tri-p-anisylstibine. The stibine 
forms colourless rhombohedra, M.pt. 180-5° to 181° C., easily soluble 
in chloroform, benzene or toluene, less soluble in alcohol, ether, ethyl 
acetate, acetic acid or carbon disulphide. When boiled with con- 
centrated hydrochloric acid the stibine decomposes into anisole and 
antimony trichloride. The mercurichloride sinters at 235° to 240° C. 
and decomposes at 285° C.; prolonged boiling with alcohol converts 
it into p-anisylmercuric chloride. 
Tri-p-phenetylstibine, 


joro< >| Sb 


is prepared in a similar manner to the preceding compound. It 
forms acicular prisms, M.pt. 82° to 88° C., and is more soluble than 
the anisyl derivative; it is similarly decomposed by hot concentrated 
hydrochloric acid. The mercurichloride sinters at 205° to 210° C. and 
decomposes at 225° C.; when boiled with alcohol it yields p-phenetyl- 
mercuric chloride. 

Tri-m-xylylstibine,? 


[oH a Sb 
Sayereal 


This stibine may be prepared in two ways: (1) To the solution pre- 
pared from 48 grams of bromoxylene and 7 grams of magnesium in 
75 c.c. of ether, 18 grams of antimony trichloride in 25 c.c. of the same 
solvent are added and the mixture boiled for six hours. The mass is 
then decomposed with water, the stibine extracted with benzene and 
worked up as described below. Yield 7-2 grams, or 19 per cent. (2) 
Bromoxylene (56 grams) and 28 grams of antimony trichloride in 150 e.e. 
of dry benzene are treated with 50 grams of metallic sodium (thrice 
the equivalent amount), added in thin slices. The mixture usually 
requires warming to start the reaction, and after completion is kept 
overnight, filtered, and the residue extracted three times with boiling 
benzene, these extracts being added to the main filtrate. Evaporation 
away of the solvent gives an oily product, which is poured into absolute 
alcohol, long needles of the stibine separating after a few minutes. The 
yield of crude product is about 25 grams, or 57 per cent. 


1 Loloff, Ber., 1897, 30, 2834. 
2 Goddard, Trans. Chem. Soc., 1923, 123, 2319. 
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Tri-m-xylylstibine crystallises from alcohol in masses of felted 
needles, melting at 148° C. to a clear liquid, which becomes cloudy at 
about 255° C. and, when cooled, solidifies to a transparent mass. It 
is soluble in cold chloroform, acetone, light petroleum or pyridine, 
moderately soluble in alcohol, and more soluble than the para-compound 
in glacial acetic acid. The mercurichloride crystallises from ether in 
fine needles, M.pt. 158° C. 

Tri-5-nitrotri-m-xylylstibine, 

NO, 
CH,-< y Sb 

CH,—1, 
may be obtained as follows: (1) 2 grams of tri-5-nitrotri-m-xylyl- 
stibine dinitrate are dissolved in 200 c.c. of absolute alcohol, 20 c.c. 
of concentrated ammonium hydroxide added, and hydrogen sulphide 
passed into the boiling solution for six hours. The precipitate is 
collected and recrystallised from alcohol. (2) Tri-6-bromotri-5-nitrotri- 
m-xylylstibine oxide (1:8 grams) in 40 c.c. of hot absolute alcohol is 
added to a boiling solution of 1-4 grams of sodium thiosulphate in 
25 ¢.c. of water, and the mixture boiled for 80 minutes. The stibine 
separates as a white solid. It crystallises from alcohol in small needles, 
M.pt. 192° to 198° C. 

Tri-5-aminotri-m-xylylstibine, [(CH,).(NH,)C,H,|,5b, is the 
reduction product of the preceding compound. 5 grams of the mixed 
nitration products obtained by the action of fuming nitric acid on tri- 
m-xylylstibine are added to a boiling solution of 400 grams of absolute 
alcohol containing 3-5 grams of ammonium chloride, 20 c.c. of con- 
centrated ammonium hydroxide and 22 grams of zinc dust. The 
boiling is continued for 8 hours, a further 5 grams of zinc dust being 
added at the end of each hour. The solution is filtered whilst hot into 
3000 c.c. of ice-cold water, a pink precipitate separating out. This 
is filtered off, dissolved in 200 ec.c. of 10 per cent. hydrochloric acid, 
any insoluble matter filtered off and the filtrate treated with con- 
centrated ammonium hydroxide, when 3-5 grams of crude amine are 
obtained (97 per cent.). After several crystallisations from chloroform- 
light petroleum, a brownish-pink powder results, which blackens at 
about 112° C. and melts rather indefinitely at 128° to 124° C. The 
tribenzoyl derivative melts at 99° C. 

Tri-5-iodotri-m-xylylstibine, 


| 
CH, — {Sb 


CH3_I3 


1 gram of the foregoing amine in 7 c.c. of concentrated hydrochloric 
acid and 200 c.c. of water is diazotised with 0-66 gram of sodium nitrite. 
The diazonium chloride separates as a yellow precipitate and is treated 
with 1-5 grams of potassium iodide in 20 c.c. of water. The precipitate 
changes from yellow to red, and after being warmed on the water-bath 
and kept for three hours, is filtered off. About 1:5 grams of crude 
product result, which is crystallised five times from chloroform- 
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petroleum, a brownish-red crystalline powder resulting. It melts at 
153° C. to a clear red liquid. 
Tripicryltri-5-aminotri-m-xylylstibine, 
NO, . 


| 

3 TOS 

5) aa weeee 

| 3 wa S 
NO, ey 

CH3J3 


2 grams of the amine in the smallest possible quantity of 10 per cent. 
hydrochloric acid are added to 75 c.c. of aleohol containing 3 grams of 
picryl chloride and 8 grams of sodium acetate. The mixture is warmed 
at 30° C. for 15 minutes, an orange precipitate separating (3-9 grams). 
This is boiled with 75 c.c. of water to remove sodium acetate, then 
dissolved in dry chloroform to remove sodium picrate, and the stibine 
is precipitated from the filtered solution by the addition of light 
petroleum. It forms a bronze, crystalline powder, sintering at 178° C., 
then blackening but not melting at 290° C. It gives a carmine solution 
in alcoholic potassium hydroxide, from which the potassium salt separates 
in scarlet octahedral crystals on slow evaporation. 
Tri-p-xylylstibine,! 


CH, 

ae NS. 

cae? Sb 
CH;_1, 


To a solution of 24 grams of p-bromoxylene and 3-5 grams of magnesium 
in 50 c.c. of ether, 9 grams of antimony trichloride in 20 c.c. of the 
same solvent are gradually added. The whole is boiled on the water- 
bath for four hours, decomposed with water and filtered. The residue 
is dried and extracted with boiling benzene, evaporation away of the 
solvent yielding 7-25 grams of short transparent needles, M.pt. 174-5° C., 
readily soluble in benzene, cold chloroform or boiling glacial acetic 
acid, moderately soluble in hot acetone, less soluble in ether or alcohol. 
It reacts with thallic chloride, forming thallous chloride and _ tri-p- 
xylylstibine dichloride. 
Tri-a-naphthylstibine,? 
RETO. 
Hear 


SaaS 
<p [BP 


To the Grignard reagent from 42 grams of a-bromonaphthalene and 
5 grams of magnesium in 100 c.c. of ether, 15 grams of antimony tri- 
chloride in the same solvent are slowly added with constant agitation. 
When the reaction subsides it is completed by boiling for one hour 
on the water-bath, the mixture then being cooled and decomposed by 
water. The ether is removed, the excess naphthalene distilled off in 
steam, the residue dissolved in hot benzene and precipitated by adding 
an equal volume of alcohol. The yield is 15 grams, and after three 
erystallisations from benzene the product melts at 216° to 217° C. It 

1 Goddard, Trans. Chem. Soc., 1923, 123, 1170. 

2 Matsumiya, Mem. Coll. Sci. Kydt6, 1925, 8, 14; see Challenger and Pritchard, 
Trans. Chem. Soc., 1924, 125, 868. 
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is slightly soluble in ether and alcohol, more easily soluble in benzene, 

carbon disulphide or chloroform. If the antimony trichloride in this 

preparation be replaced by antimony trisulphide, only a small yield 

of the stibine is obtained. 
Tri-4-biphenylstibine,! 


Vicente IO a OR La 
No eee 

To a solution of 100 grams of 4-chlorodiphenyl and 40 grams of freshly 
distilled antimony trichloride in 500 c.c. of dry benzene, is added an 
excess (50 grams) of granulated sodium. The mixture requires heating 
to start the reaction, but after starting it is necessary to cool in ice to 
moderate the violence of the reaction. When the spontaneous action 
slackens, the whole is heated for several hours, the product filtered 
whilst hot, the black residue extracted twice with 250 c.c. quantities of 
hot benzene and the combined filtrates concentrated to approximately 
250 c.c. The addition of an equal volume of warm alcohol causes the 
entire mass to become semi-solid owing to the separation of crystals. 
The product is filtered, washed with cold alcohol and dried at 100° C.; 
yield, 89 grams. It readily dissolves in chloroform, methyl iodide or 
benzene, separating from the latter as microscopic, hair-like crystals. 
It melts at 176-5° to 177-5° C. with previous sintering. Decomposition 
takes place at the boiling-point, with the formation of diphenyl and 
antimony, among other products. 


Compounds of the Types ArAlk,Sb and Ar,AlkSb. 


Phenyldimethylstibine, C,H,;.Sb(CH,),.—Crude phenyldichloro- 
stibine, 25 grams, is added to about 25 grams of magnesium methyl 
bromide in 250 c.c. of ether. The reaction is completed by boiling 
the mixture for 80 minutes. The mass is decomposed by water, the 
ether layer withdrawn and dried over calcium chloride, these and the 
following operations being conducted in a carbon dioxide atmosphere. 
The ether is distilled off at the ordinary pressure and the residual oil 
distilled at 16 to 18 mm. Several fractionations yield a pure product, 
B.pt. 112° C. at 16 to 18 mm., density 1-4490 at 20° C., np 1-5983 at 
19-5° C., mp — Ne 0:02528 at 19-5° C., the yield being 5 to 6 grams.?_ It 
is a colourless, mobile oil, fuming faintly in air and readily oxidising 
in solution. It combines with the halogens and alkyl halides in the 
usual manner. 

Phenyldiethylstibine, C,H,.Sb(C,H;),, is obtained in a similar 
manner to the preceding compound, 25 grams of phenyldichlorostibine 
yielding 6 to 6-5 grams of pure stibine. It is a colourless liquid, B.pt. 
128° C. at 16 to 18 mm., density 1-3487 at 24° C., np 1-5908 at 21-8° C., 
and np —Nc 0:02373 at 21-8° C. It fumes in air and rapidly oxidises 
with evolution of heat, its properties resembling those of the methy] 
derivative. ) 

Diphenylmethylstibine, CH,.Sb(C,H;)..—25 grams of diphenyl- 
chlorostibine in 100 c.c. of anhydrous ether are slowly added to 15 grams 
of magnesium methyl bromide in 250 ¢.c. of ether. After boiling the 
whole for 30 minutes on the water-bath, the mass is decomposed with 


1 Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
2 Griittner and Wiernik, Ber., 1915, 48, 1749, 1759. 
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water, the ether layer separated in a carbon dioxide atmosphere and 
dried over calcium chloride. Removal of the solvent and fractionation 
of the residue in an inert gas yields 10 to 11 grams of pure stibine.. It 
is a colourless, somewhat viscous oil, B.pt. 174° to 177° C. at 16 to 18 mm., 
density 1:2134 at 20° C., np 1-6021 at 20° C., and nr—ne 0:02399 at 
20° C. It does not fume in air, but readily oxidises. It yields no 
stibonium compounds with methyl and ethyl iodides even on heating 
for 10 hours at 100° C., but it combines with chlorine and bromine. 

Diphenylethylstibine, C,H;.Sb(C,H;),, is obtained in similar 
yield and by the same process as the preceding derivative. It is a 
colourless, viscous oil, B.pt. 190° to 192° C. at 16 to 18 mm., density 
1-3541 at 19-5° C., np 1-6309 at 20-5° C., np —nNc 0-02732 at 20-5° C. It 
has similar properties to the corresponding methyl compound. 


CoMPOUNDS OF THE Types R,SbHal.,., R,Sb(OH)Hal., 
R,SbO anv R,SbX4q. 


The dihalides, R,SbHal.,, may be obtained by heating mercury 
diphenyl with antimony trichloride at a high temperature in an auto- 
clave, or as by-products in the preparation of triarylstibines by the 
Fittig reaction. Halogens also add on directly to triarylstibines, giving 
the dihalides, and in the case of chlorine, the following chlorides may 
replace the free element in the preparation: copper, iron, thallium, 
phosphorus or arsenic chloride. 

Triphenylstibine dichloride and dibromide undergo hydrolysis with 
alcoholic alkali, whilst a large bulk of boiling water transforms the 
dichloride to the hydroxychloride : 


R,SbX, + H,O =R,Sb(OH)X +HX 


Di-iodides also tend to undergo hydrolysis, forming hydroxyiodides, 
but the latter are much more readily formed by the action of moisture 
on the cyanohalides : 


R,Sb(CN)X +H,O =R,Sb(OH)X +HCN 


The dihydroxides are obtained from the dihalides by the action of 
alkah, 
R,SbX, +2KOH =R,Sb(OH), +2KX 


or by oxidising the triarylstibines directly by: means of alkaline or 
feebly acid potassium permanganate, or by hydrogen peroxide in the 
presence of alkali. The products thus obtained are solid, crystalline 
substances. Alcoholic alkali does not always convert the dihalides to 
dihydroxides, whilst in some cases the oxide results : 


R,SbX, —> R,Sb(OH), —> R,SbO 


The oxides are white, amorphous solids, reacting with acids to form 
salts. 

Dinitrates are formed when the dihalides are treated with alcoholic 
silver nitrate, or by direct nitration, using fuming nitric acid. In the 
latter case substitution in the benzene nucleus takes place at the same 
time and a mixture of products results, the separation of the com- 
ponents usually being impossible. Lead salts have also been used in 
the same way as silver salts for producing triarylstibine salts. 
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Unlike triphenylarsine, triphenylstibine does not react directly with 
sulphur to yield a sulphide, the latter occurring when the dibromide is 
treated with hydrogen sulphide. Finely divided copper removes the 
sulphur from a suspension of the sulphide in boiling benzene, yielding 
pure triphenylstibine. This method is used as a basis for purifying 
triarylstibines. 

Triphenylstibine dichloride, (C,H,;),SbCl,, may be prepared in 
several ways: (1) By the prolonged heating of antimony trichloride 
with mercury diphenyl in a sealed tube at 130° C.1 (2) By treating 
the stibine in cold petroleum ether with chlorine ? or with cupric chloride. * 
(3) It occurs as a by-product in the preparation of triphenylstibine by 
the Fittig reaction.* It crystallises in colourless needles, M.pt. 148° C.,° 
soluble in hot alcohol, benzene or carbon disulphide, sparingly soluble 
in cold alcohol or ether. It is hydrolysed by alcoholic alkali to the 
hydrowide, but is unaffected by water. When an alcoholic solution of 
the dichloride is added to a large volume of boiling water and the 
solution evaporated to crystallising point, triphenylstibine hydroay- 
chloride separates, (C,H;),5b(OH)CL® The hydroxychloride crystallises 
from benzene in transparent, colourless spicules, M.pt. 218° C. 

Triphenylstibine dibromide, (C,H;),SbBr.,’ occurs when tri- 
phenylstibine in glacial acetic acid is treated dropwise with bromine. 
It forms needles, M.pt. 216° C., soluble in benzene, carbon disulphide 
or hot glacial acetic acid, sparingly soluble in other organic solvents. 

Triphenylstibine di-iodide, (C,H;),5bI,, is precipitated when 
solutions of the stibine and iodine in light petroleum are mixed. It 
crystallises as pale yellow plates, M.pt. 153° C., soluble in benzene, 
insoluble in alcohol, ether and light petroleum. 

Triphenylstibine in cold, dry, ether solution yields a cyanoviodide, 
(C,H;),Sb(CN)I, when treated with cyanogen iodide.* The compound 
is a pale yellow solid, M.pt. 174° C., and is not very stable, yielding the 
hydroayiodide, (C,H;);5b(OH)I, even in dry solvents, hydrogen cyanide 
being evolved. The hydroxyiodide ® also occurs when the cyanogen 
iodide is added .to triphenylstibine in ordinary ether. It forms white, 
satin-like leaflets, M.pt. 196° C., insoluble in ether or light petroleum, 
but soluble in other organic solvents. 

Tri-o-tolylstibine dichloride, (CH,.C,H,),5bCl,,/° is obtained 
by passing chlorine into a cold ether solution of the stibine. It crys- 
tallises from alcohol-chloroform as shining, snow-white needles, M.pt. 
178° to 179° C. The corresponding dibromide forms colourless crystals, 
M.pt. 209° to 210° C., and the di-todide pale yellow crystals, M.pt. 174° 
to 175 (C2 turning ved: 

Tri-m-tolylstibine dichloride crystallises from ether as thick 
needles, M.pt. 187° to 188° C., readily soluble in benzene or chloroform, 
less soluble in alcohol or acetic acid, sparingly soluble in petroleum 


1 Hasenbatimer, Ber., 1898, 31, 2911. 

2 Pfeiffer, Ber., 1904, 37, 4621. 

3 Michaelis and Reese, Annalen, 1886, 233, 39. 

4 Michaelis and Reese, Ber., 1882, 15, 2876. 

5 UHa 183-94 at 20-2° C. (Ghira, Gazzetta, 1894, 24, i, 309, 324). 

5 Morgan, Micklethwait and Whitby, Trans. Chem. Soc., 1910, 97, 37. 

* Michaelis and Reese, Annalen, 1886, 233, 49. 

8 Hantzsch and Hibbert, Ber., 1907, 40, 1513. 

® Wilkinson and Challenger, Trans. Chem. Soc., 1924, 125, 860. 

10 Michaelis and Genzken, Annalen, 1887, 242, 164; Ber., 1884, 17, 924. 
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ether. The dibromide forms colourless crystals from ether, M.pt. 113° C., 
and the di-iodide separates from chloroform-petroleum ether as colourless 
crystals, M.pt. 138° to 189° C. 

Tri-p-tolylstibine dichloride separates from alcohol-benzene as 
glistening crystals, M.pt. 156° to 157° C., very soluble in chloroform, 
benzene or ether, less soluble in alcohol and insoluble in petroleum ether. 
The dibromide yields small, glistening crystals, M.pt. 238° to 234° C., 
and the di-iodide is a yellow powder, M.pt. 182° to 183°C. The di-rodide 
undergoes partial hydrolysis on repeatedly boiling in chloroform solu- 
tion, giving the hydroryiodide, M.pt. 218° to 219°C. If these dihalides 
are dissolved in alcoholic ammonia and treated with hydrogen sulphide, 
they are decomposed, with formation of the free stibine : 


(CH,.C,H,),SbCl, + 4NH, +2H,S =(CH,.C,H,),Sb +2NH,Cl 
: +[(NH,).S +S] 


Tribenzylstibine dichloride, (C,H;.CH,),5bCl,, is obtained ? 
when magnesium benzyl chloride reacts with antimony trichloride in 
ether solution.” It separates from alcohol as lustrous crystals, M.pt. 
105° to 108° C. 

Tri-p-anisylstibine dichloride, (CH,0.C,H,),SbCl,.3—A chloro- 
form solution of the stibine is treated with alcohol and then alcoholic 
cupric chloride added until no further precipitation of cuprous chloride 
occurs. The liquid is filtered and the filtrate evaporated, the residue 
being extracted with benzene, removal of the solvent then yielding the 
dichloride. ‘The latter is purified by solution in chloroform and re- 
precipitation with petroleum ether. It forms white crystals, M.pt. 
116° to 117° C., which recrystallise from benzene with a molecule of 
benzene of crystallisation, the melting-point then being 82° to 88° C. 
The dichloride is readily soluble in benzene, chloroform or ether, 
sparingly soluble in alcohol and insoluble in petroleum ether. The 
dibromide, obtained from the stibine and bromine in chloroform solution, 
erystallises in plates, M.pt. 123° C. From benzene the dibromide 
separates in prisms containing one molecule of solvent and melting at 
81° to 82° C. The di-todide forms yellow leaflets, M.pt. 116° C., stable 
towards water, but appearing to be decomposed by aqueous alcohol. 

Tri-p-phenetylstibine dichloride, (C,H,O.C,H,),SbCl,, pre- 
pared in a similar manner to the anisyl compound, melts at 84° C., and 
is sparingly soluble in petroleum ether. The dibromide forms fine 
needles, M.pt. 110° to 111° C., and the di-iodide, prismatic crystals, 
M.pt. 121° to 122° C., both compounds having similar solubilities to 
tri-p-anisylstibine dichloride. 

Tri-m-xylylstibine dichloride,* 


AEP OES 
hes 2 la 
CH; 


A chloroform solution of the stibine is saturated in the cold with 
dry chlorine and allowed to evaporate spontaneously. The dichloride 
1 Morgan and Micklethwait, Proc. Chem. Soc., 1912, 28, 69. 
2 Tt is asserted (German Patent, 466364) that this reaction yields antimony tribenzyl. 
3 Loloff, Ber., 1897, 30, 2834. 
* Goddard, Trans. Chem. Soc., 1923, 123, 2319. 
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forms small, white, granular crystals, M.pt. 189° C. The dibromide is 
a crystalline powder, M.pt. 195° C. 
Tri-6-bromotri-5-nitrotri-m-xylylstibine dibromide, 


O.N Br 
| | 
CH < = |[SvBr, 
ie ae 


This is obtained in the usual manner and separates from chloroform- 
light petroleum as a white crystalline powder. 
Tripicryltri-5-aminotri-m-xylylstibine dibromide, 


Or 


N 
| 
OS 2 eee. 
) CH,- — |SbBr, 
N 


O2 | 


separates from chloroform-light petroleum as a lemon-yellow, crystalline 
powder. It blackens at 183° C. and melts at 188° C. It dissolves in 
alcoholic potassium hydroxide, giving a carmine solution, from which 
the potassium salt separates as scarlet crystals. 

Tri-p-xylylstibine dichloride, (C,H,),SbCl,.1—To a solution of 
2-17 grams of the stibine in 30 c.c. of benzene, 1:55 grams of thallic 
chloride are added and the solution kept overnight. The thallous 
chloride is then filtered off, the filtrate evaporated to small bulk and 
treated with light petroleum, when the dichloride, 1-3 grams, separates. 
It is a crystalline powder, soluble in cold chloroform, acetone or benzene, 
moderately soluble in pyridine and insoluble in light petroleum. 

Tri-a-naphthylstibine dichloride, (C,,H,),SbCl,,2 is prepared 
by treating the stibine in ether-benzene or carbon tetrachloride with 
chlorine. It forms colourless crystals from ether-benzene, M.pt. 256° C., 
slightly soluble in benzene or chloroform, sparingly soluble in carbon 
disulphide, practically insoluble in ether, aleohol and petroleum ether. 
The dibromide is prepared in carbon disulphide solution and separates 
as pale yellow crystals, M.pt. 232° C. 

Tri-biphenylstibine dichloride, (C,H;.C,H,),SbCl,.4—Tri-bi- 
phenylstibine dihalides are obtained by dissolving 5 grams of the 
stibine in 20 c.c. of pure dry chloroform, adding slightly less than the 
theoretical amount of the corresponding halogen in chloroform and 
filtering off the resulting precipitate. Other methods do not yield a 
white product. The compounds contain chloroform of crystallisation 
and melt with preliminary softening and decomposition. The di- 
chloride forms small prisms, M.pt. 273° to 274° C.; the dibromide gives 
narrow plates, M.pt. 259° to 260° C.; the di-iodide yields small plates, 
Mipt. 176° to 178° ©: 


' Goddard, Trans. Chem. Soc., 1923, 123, 1170. 

* Matsumiya, Mem. Coll. Sci. Kydtd, 1925, 8, 11; Challenger and Pritchard, Trans. 
Chem. Soc., 1924, 125, 868. 

° Challenger and Pritchard (loc. cit.) give the melting-points as follows: dichloride, 
M.pt. 260° C., dibromide, M.pt. 229° C. with decomposition. 

4 Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
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Tricamphorylstibine dichloride,* 


CH 
oe | over 
bE CO 


3 


When a toluene solution of antimony trichloride is added to a solution 
of sodium camphor in the same solvent, heat is generated and a bulky 
precipitate separates. The mixture is warmed on the water-bath, 
allowed to stand for a few days, and then treated with water, when 
antimony oxide separates and is filtered off. The filtrate is steam 
distilled, the residue extracted with benzene and the solution con- 
centrated. Ice-like crystals separate and light petroleum is added to 
aid precipitation. MRecrystallisation from benzene yields the pure 
stibine dichloride. The melting-point is 244° C., although on rapid 
heating the product may remain unchanged at 247° to 248° C. The 
dichloride gives the value 367-3° for the rotation [a|p at 20° C. in chloro- 
form solution. It is sparingly soluble in alcohol, insoluble in water, 
and may be boiled with 2N hydrochloric acid without decomposition. 
On warming with 2N sodium hydroxide, the chloride is readily hydrolysed 
into antimonic and hydrochloric acids and camphor. When heated 
with aqueous sodium bicarbonate at 55° C. the chloride is destructively 
hydrolysed, and a similar result is obtained with ammonium hydroxide 
or alcoholic silver nitrate. 

Triphenylstibine dihydroxide, (C,H,;),Sb(OH)., may be isolated 
in several ways: (1) Triphenylstibine dibromide is added to warm 
alcoholic potassium hydroxide and the mixture boiled to complete the 
reaction.2 (2) Triphenylstibine is boiled for three hours with alkaline 
permanganate solution or warmed on the water-bath with an excess of 
1 per cent. permanganate solution and dilute sulphuric acid, the per- 
manganate being added from time to time. The solution is finally 
evaporated and the residue extracted with alcohol, which dissolves the 
dihydroxide.? (8) It may be obtained in crystalline form by adding 
an alcoholic solution of triphenylstibine dichloride to an equal volume 
of 2N sodium hydroxide solution and allowing the mixture to stand for 
a few days, when it separates out. (4) Triphenylstibine, in solution or 
in suspension, is treated with 3 per cent. hydrogen peroxide in the 
presence of dilute potassium hydroxide, or with sodium peroxide.* 

The dihydroxide crystallises in leaflets, M.pt. 212° C., soluble in 
alcohol or glacial acetic acid, insoluble in ether or petroleum ether. 

Triphenylstibine diacetate, (C,H,;),Sb(QCOCH,),.°—Triphenyl- 
stibine in acetone solution is oxidised by 3 per cent. hydrogen peroxide 
and the oxidation product filtered off, dried and recrystallised from 
glacial acetic acid. The diacetate melts at 215° C., is readily soluble in 
warm methyl alcohol, and is converted to the corresponding dichloride 
by hydrochloric acid. 

Triphenylstibine dibenzoate, (C,H;),Sb(OCOC,H,).,° is prepared 
by the interaction of the stibine and benzoyl peroxide in light petroleum 


1 Morgan, Micklethwait and Whitby, Trans. Chem. Soc., 1910, 97, 36. 
2 Michaelis and Reese, Annalen, 1886, 233, 49. 

3 May, Trans. Chem. Soc., 1910, 97, 1956. 

4 German Patent, 360973. 

5 Schmidt, Annalen, 1922, 429, 123. 

6 Challenger and Wilson, J. Chem. Soc., 1927, p. 209. 
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solution, or from the dichloride and silver benzoate. It is a solid, 
M.pt. 171-5° C. 

Triphenylstibine dinitrate, (C,H;),Sb(NO,),,1 obtained by the 
action of nitric acid on the dihydroxide, crystallises in plates, M.pt. 156° 
C., soluble in hot concentrated nitric acid or alcohol, insoluble in water. 

When triphenylstibine dichloride is treated with alcoholic silver 
nitrate, a hydroxynitrate, (C,H;),5b(OH)NOs, results.2. This crystallises 
from boiling water in colourless leaflets, softening at 220° C. and melting 
at 224° to 225° C. It is reduced by Devarda’s alloy in the presence of 
ammonium hydroxide to triphenylstibine and ammonia. 

Triphenylstibine sulphate, (C,H,;),SbSO,.?—Triphenylstibine and 
concentrated sulphuric acid are heated together on the water-bath until 
reaction is complete, the product then filtered off on asbestos, washed 
with cold alcohol, and afterwards extracted with this solvent. Small 
erystals are obtained, which are unmelted at 300° C. and are soluble in 
concentrated sulphuric acid and most organic solvents. The sulphate 
is decomposed by warm aqueous sodium hydroxide, giving triphenyl- 
stibine dihydroxide. | 

If triphenylstibine dichloride is treated with alcoholic silver sulphate, 
the hydroxysulphate is obtained, [(C,H;),5b(OH)|,SO,.4 This forms 
colourless, nodular crystals, M.pt. 252° C. with decomposition, insoluble 
in cold water, soluble in cold concentrated sulphuric acid. Sulphonation 
of the hydroxysulphate, using equal volumes of concentrated sulphuric 
acid and 20 per cent. “ oleum”’ at 100° C. for three hours, then adding an 
equal volume of “‘ oleum”’ and allowing to stand for twelve hours, yields 
triphenylstibine dihydroxide trisulphonic acid, (HO),Sb(C,Hy.SO;H)s. 
3H,O. This acid is isolated through its barvwm salt, the free acid being 
a brittle yellow mass resembling amber. ‘Trituration with phosphorus 
pentachloride, and then water, gives a hydrowychloride, (C,H,.SO,Cl); 
SbC1(OH), decomposing indefinitely at 110° C.5 | 

Triphenylstibine dithiocyanate, (C,H;),Sb(CNS),.®—Triphenyl- 
stibine (5 grams) is dissolved in 72 ¢.c. of a solution obtained from 
7-5 grams of lead thiocyanate, 3 grams of bromine and 100 c.c. of dry 
ether. Light petroleum is added after five hours, the dithiocyanate 
separating. It forms broad white needles from alcohol, M.pt. 105° to 
106° C., soluble in the usual organic solvents, except light petroleum. 
At 250° C. it decomposes, giving an odour of phenyl thiocyanate. 

Triphenylstibine dichloride reacts with lead thiocyanate in dry 
benzene on prolonged shaking, yielding a hydroaythiocyanate, (C,H;) 
Sb(OH)CNS, a white solid, M.pt. 221° to 225° C. This has a similar 
solubility to the dithiocyanate, into which it is converted when treated 
with an excess of thiocyanic acid in ether. 

Triphenylstibine dicyanate,’ (C,H,;),5b(CNO),, is obtained from 
the dichloride and silver cyanate. It is a white crystalline product, 
Mpt. Itt to 112°C. | 

Triphenylstibine sulphide, (C,H;),SbS.8—A stream of hydrogen 


1 Michaelis and Reese, loc. cit. 

* Morgan, Micklethwait and Whitby, Trans. Chem. Soc., 1910, 97, 36. 

3 May, loc. cit. 4 Morgan, Micklethwait and Whitby, loc. cit. 

5 Morgan and Micklethwait, T’rans. Chem. Soc., 1911, 99, 2286. 

6 Challenger, Smith and Paton, Trans. Chem. Soc., 1922, 123, 1046. 

? Challenger and Wilson, loc. cit. 

8 Kaufmann, Ber., 1908, 41, 2762; German Patents, 223694, 240316; American Patent, 
1060765; Magidson and Sitisskind, Trans. Sci. Chem.-Pharm. Inst. Moscow, 1923, 6, 21. 
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sulphide is passed into a filtered solution containing 10 grams of 
triphenylstibine dibromide in about 160 c.c. of saturated alcoholic 
ammonia. The liquor is well stirred during the operation and the gas 
stream is discontinued when a faint yellow coloration is produced, which 
disappears on shaking. The precipitated sulphide is collected, washed 
with a little alcohol and then petroleum ether, and dried in air, the 
yield being about 80 per cent. If the dibromide be replaced by the 
dichloride, the operation must be carried out in boiling solution. The 
sulphide forms colourless crystals, M.pt. 119° to 120° C., readily soluble 
in benzene, chloroform or acetic acid, sparingly soluble in alcohol 
(1 part in 120 parts of absolute alcohol at the ordinary temperature 
and in 100 parts at the boiling-point), very sparingly soluble in ether 
or petroleum ether. Prolonged heating or dilute acids convert the 
sulphide into triphenylstibine and sulphur. It may also be transformed 
into triphenylstibine in the following manner, which is a useful way of 
purifying the stibine : 100 grams of the sulphide in a mixture of 450 c.c. 
of absolute alcohol and 50 c.c. of benzene are heated under reflux for 
30 minutes, then treated with 35 grams of finely divided copper 
(‘‘ Naturkupfer C’’) and the boiling continued for three hours. The 
hot solution is filtered and evaporated, when pure triphenylstibine 
results. The process gives an 80 to 90 per cent. yield. The copper 
may be replaced by iron powder. 

The preparation of the sulphide from the dihalides by hydrogen 
sulphide in ammoniacal alcoholic solution requires some care or the 
reaction goes beyond the stage required and decomposition products 
result. The dihydroxide probably is first formed, (C,H,;),;5b(OH)., 
and this reacts with the hydrogen sulphide as follows :— 


(C,H;),5b(OH), +H,S =(C,H,;),5bS + 2H,O 
Decomposition may take place owing to the following reaction occurring : 


a ae 

(C,H;),5bS +NH,SH = (CoH) 35 
SH 

It has also been suggested that a sulphur derivative of the constitution 


Nie 
fre Shes = s 
ASH 


may be formed. 

Triphenylstibine hydroxyselenocyanide, (C,H;),5b(OH) 
(SeCN),! is the product of the interaction of triphenylstibine dichloride 
and potassium selenocyanate or cyanogen triselenide. It forms 
colourless needles, M.pt. 178° C. When heated it yields phenyl seleno- 
cyanide, and with hydrochloric acid gives triphenylstibine dichloride. 

Tri-m-nitrotriphenylstibine dihydroxide, 


ered aes 


This dihydroxide may be prepared in two ways: (1) Triphenylstibine 
is slowly added to a mixture consisting of 1 part of nitric acid and 


1 Challenger, Peters and Halévy, J. Chem. Soc., 1926, p. 1648. 
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3 parts of sulphuric acid maintained at 40° C., and the resulting 
solution diluted with water, the temperature being kept below 25° C.} 
(2) Triphenylstibine hydroxynitrate is nitrated with ‘“ mixed acid,”’ first 
at 40° C. and subsequently at 55° C.2. The dihydroxide crystallises 
as pale yellow leaflets, M.pt. 190° to 191° C., soluble in glacial acetic 
acid, less soluble in alcohol or ether, insoluble in benzene, light petroleum 
and water. It does not yield ammonia when treated with Devarda’s 
alloy. Under the action of alcoholic hydrochloric acid it gives a 
mixture of dichloride and hydroxychloride. Its alcoholic solution, 
when reduced by zine dust and ammonium chloride, yields tri-m-amino- 
triphenylstibine. The dihydroxide forms alkali salts, which dissolve 
to brownish-orange solutions in water, acquiring an odour of nitro- 
benzene on boiling. Other salts of the metals are only sparingly 
soluble. The dry sodium salt, when heated with phosphorus penta- 
bromide, bromine and triethylamine in chloroform solution at 130° to 
160° C., yields 1-bromo-3-nitrobenzene in 70 per cent. yield. 

Tri-p-acetylaminotriphenylstibine hydroxide, (CH,.CO.NH. 
C.H,),5b0.4H,0.3—The a-modification of tri-p-acetylaminotriphenyl- 
stibine (8-5 grams) is dissolved by boiling with 600 c.c. of methyl 
alcohol. The solution is rapidly cooled and 30 c.c. of 8 per cent. 
hydrogen peroxide added. The product is isolated by adding hydro- 
chloric acid and a large bulk of water, when the chloride, sintering at 
170° C., is precipitated. This is filtered off and suspended whilst still 
moist in a little methyl alcohol, cooled in ice, and a small excess of 
sodium hydroxide added until solution occurs. The whole is then 
poured into water, when the hydroxide is precipitated. It is a colourless 
substance, melting at 200° C. when precipitated from aqueous methyl 
alcohol, but from the hot dry solvent it crystallises in a modification 
which darkens towards 250° C. The variety of melting-point 200° C. 
is insoluble in alkali ; both modifications yield the chloride on treatment 
with alcoholic hydrogen chloride. 

Tri-o-tolylstibine oxide, (CH,.C,H,),SbO,4 occurs when the di- 
bromide is treated with alcoholic caustic alkali. It is a white amorphous 
powder, melting at about 220° C., and is converted to the dichloride by 
hydrochloric acid. 

Tri-m-tolylstibine oxide is prepared in a similar manner to the 
foregoing compound. It is a yellowish-white amorphous powder, 
softening at 185° C. and melting at about 210° C., insoluble in water, 
slightly soluble in alcohol, benzene, chloroform or ether. When dis- 
solved in glacial acetic acid it is converted into a basic acetate, (CH3. 
C,.H,),;5b(OH)O.CO.CH,, M.pt. 142° to 148° C., soluble in benzene, 
sparingly soluble in the usual organic solvents, insoluble in petroleum 
ether. An attempted preparation of tri-m-tolylstibine by the Grignard 
reaction gave only tri-m-tolylstibine hydrowychloride, a white powder, 
M.pt. 209° C.5 

Tri-m-tolylstibine sulphide, (CH,.C,H,),SbS,® occurs when an 
alcoholic ammoniacal solution of the dichloride is treated with hydrogen 
sulphide. It crystallises from alcohol in needles, M.pt. 162° to 163° C., 


May, Trans. Chem. Soc., 1910, 97, 1956. 

Morgan and Micklethwait, loc. cit. 

Schmidt, Annalen, 1922, 429, 135. 

Michaelis and Genzken, Annalen, 1887, 242, 164. 

Challenger and Pritchard, Trans. Chem. Soc., 1924, 125, 864. 
Michaelis and Genzken, loc. cit. 


a nan Fr WO NH fF 


AROMATIC COMPOUNDS OF ANTIMONY. 207 


sparingly soluble in organic solvents with the exception of benzene 
and chloroform. In the latter solvent the sulphide is transformed to 
dihalide when treated with halogens. 

Tri-p-tolylstibine dihydroxide, (CH, .C.H,),5b(OH),,? is formed 
by treating a solution or suspension of tri-p- tolyistibine with 3 per cent. 
hydrogen peroxide in the presence of dilute potassium hydroxide, or 
with sodium peroxide. It is a crystalline product, M.pt. 225° C. 

Tri-p-tolylstibine oxide 2 is a white amorphous powder, melting 
at about 220° C., readily soluble in alcohol, benzene or chloroform, 
sparingly soluble in ether or petroleum ether. Glacial acetic acid 
converts it into the basic acetate, M.pt. 168° to 169° C.,° and a formate 
has also been isolated but not analysed. 

Tri-m-nitrotri-p-tolylstibine oxide,* 


; CH, a SbO 


The dinitrate is heated for 8 hours with phosphorous acid in absolute 
aleohol and the mixture then poured into water. The oxide is recrystal- 
lised from alcohol; it is a white powder, softening at 220° C. and 
melting at 225° C.; at higher temperatures it becomes black. 

Tri-m-nitrotri-p-tolylstibine dinitrate, (C,H,.NO,),Sb(NO3)>. 
—Tri-p-tolylstibine is slowly added to the calculated anise of well- 
cooled fuming nitric acid and the solution poured into water. The 
dinitrate is a light, cream-coloured powder, melting at 182° C. after 
several recrystallisations from alcohol. When heated with bromine 
and phosphorus pentabromide in chloroform solution for four hours 
at 130° C., it yields 4-bromo-2-nitrotoluene. 

Tri-p-anisylstibine oxide, (CH,0.C,H,),5bO,° formed by decom- 
posing the dihalides with alkali, yields erystalline crusts from alcohol, 
M.pt. 191° C., very soluble in benzene, ether or chloroform, less soluble 
in alcohol. Halogen acids convert it to dihalide. 

Tri-p-anisylstibine dinitrate, (CH,0.C,H,),5b(NO3;),, occurs 
when the dibromide is treated with alcoholic silver nitrate. It forms 
small needles, M.pt. 217° C. with decomposition. 

Tri-p- -phenetylstibine dinitrate, (C,H,O.C,H,),Sb(NO3)., melts 
at 151° to 152° C. and decomposes at 170° C. 

Tribenzylstibine oxide, (C,H;.CH,),5bO, is obtained by hydro- 
lysing the dichloride with weak A It decomposes indefinitely at 
240% CiS 

Tribenzylstibine dihydroxide, (C,H,),Sb(OH),.’—The product 
obtained by the interaction of antimony enone (1 mol.), benzyl 
chloride (3-3 mols.) and magnesium (3-5 atoms) in dry ether is extracted 
with 12 per cent. aqueous sodium hydroxide and the insoluble residue 
shaken with ether or distilled with steam. The residue is dissolved in 
boiling alcohol and the solution treated with water, the precipitated 


1 German Patent, 360973. 

2 Michaelis and Genzken, loc. cit. 

3 German Patent, 360973, gives M.pt. 165° C. 

4 Goddard and Yarsley, J. Chem. Soc., 1928, p. 719. 

5 Loloff, Ber., 1897, 30, 2840. 

6 Morgan and Micklethwait, Proc. Chem. Soc., 1912, 28, 69. 
7 Challenger and Peters, J. Chem. Soc., 1929, p. 2610. 
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product on repeated crystallisation from aqueous alcohol melting at 
161° C. When the dihydroxide in chloroform is warmed with concen- 
trated hydrochloric acid, tribenzylstibine dichloride, M.pt. 108° C., is 
obtained. Nitration of the dihydroxide probably affords trinitro- 
tribenzylstibine dinitrate, M.pt. 115° C., which yields p-nitrobenzoic 
acid on oxidation with 4 per cent. alkaline potassium permanganate 
solution. 
Tri-5-nitrotri-m-xylylstibine oxide,’ 


NO, 4 
| 


aN 
OH, y |SbO 
on, 


5 grams of the corresponding dinitrate are boiled for five hours with 
300 c.c. of absolute alcohol containing 25 grams of phosphorous acid, 
and the resulting solution poured into 2 litres of water. The precipitated 
oxide (3-8 grams) is collected, dried, dissolved in chloroform and pre- 
cipitated by light petroleum. It is a white crystalline powder, sintering 
at 210° C. and melting at 218° C., soluble in alcohol and giving an orange- 
coloured solution in chloroform. Solution of the oxide in glacial acetic 
acid and addition of ether causes the separation of tri-d-nitrotri-m- 
aylylstibine diacetate, (CgH,.NO,),5b(OCOCH,),, a white precipitate, 
softening at 160° C. and melting at about 198° C. 
Tri-5-nitrotri-m-xylylstibine dinitrate, 


NO, 
oH, < ‘— |Sb(NO5), 
a 
CH, |, 


21 grams of tri-m-xylylstibine are slowly added to 100 e.c. of nitric 
acid (density 1:16), complete solution taking place, and the mixture, 
after being warmed for 20 minutes on the water-bath, is poured into 
3 litres of water. The precipitate (38-2 grams) is collected after 15 
minutes, dried and repeatedly recrystallised from alcohol. It is a white 
powder, sintering at 150° C. and melting at 175° C. with frothing. It 
is soluble in warm chloroform or acetic acid, slightly soluble in alcohol, 
insoluble in light petroleum. When heated with phosphorus penta- 
bromide in chloroform solution at 130° C. for five hours, it gives a 
65 per cent. yield of 4-bromo-6-nitro-m-xylene. 
 Tri-6-bromotri-5-nitrotri-m-xylylstibine oxide, 


NO,Br 
| \ 
cu< > SbO 
OH,_I, 


Tri-5-nitrotri-m-xylylstibine oxide in chloroform solution is treated 
with bromine in light petroleum. The product is a white, crystalline 
substance, melting at 162° C. to a yellow liquid, which decomposes 
with gas evolution at 168° C. When reduced in alcoholic ammonium 
hydroxide by zinc dust in the presence of ammonium chloride, the 
bromine is eliminated and tri-5-aminotri-m-xylylstibine obtained. 


1 Goddard, Trans, Chem. Soc., 1923, 123, 2321. 
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Tri-a-naphthylstibine oxide, (C,,H,),SbO,1 is prepared by 
treating the dibromide or dichloride with alcoholic potassium hydroxide. 
It crystallises from carbon disulphide-benzene with one molecule of 
benzene, and melts at 219° to 220° C. The benzene may be removed 
by heating the product at 90° C. The oxide is slightly soluble in 
alcohol, moderately soluble in chloroform or carbon disulphide, sparingly 
soluble in ether, petroleum ether or benzene. 

Tri-biphenylstibine dihydroxide,? 


<<] sno 


The corresponding halogen derivatives do not react with water, hot or 
cold, and only slowly with warm 95 per cent. ethyl alcohol. Boiling with 
alcohol containing ammonia for one hour, however, converts them 
quantitatively into tri-biphenylstibine dihydrowide. This separates 
from hot alcohol, in which it sparingly dissolves, as small, flat needles, 
commencing to sinter at 205° C. and melting with foaming at 210° to 
211° C. It is almost insoluble in benzene. 

Tri-biphenylstibine sulphide, (C,H,.C,H,),S5bS, obtained by the 
action of hydrogen sulphide on an alcohol solution of the hydroxide, 
softens above 168° C. and melts with foaming at 178° C. 


Compounds of the Types ArAlk,SbHal., and Ar,AlkSbHal.,. 


Phenyldimethylstibine dichloride, C,H,;.Sb(CH;),Cl,.—Phenyl- 
dimethylstibine is dissolved in 10 parts of carbon tetrachloride and 
treated with dry chlorine for 30 minutes. Spontaneous evaporation 
yields long, colourless prisms, which are treated with a little cold ether 
and recrystallised from acetic acid. The yield is quantitative. The 
product melts at 128° C., and is readily soluble in benzene. 

Phenyldimethylstibine dibromide, C,H;.Sb(CH,),Br,.—A dry 
solution of bromine in carbon tetrachloride is added to a similar solution 
of the stibine until a permanent bromine coloration persists. Evapora- 
tion of the solution at the ordinary temperature yields stout, colourless 
plates and prisms, M.pt. 112° to 113° C., possessing a similar solubility 
to the dichloride. 

Phenyldimethylstibine di-iodide, C,H,.Sb(CH,),I,, occurs when 
a petroleum solution of iodine is added dropwise to a similar solution 
of the stibine. The di-iodide separates out immediately, and is a 
colourless, crystalline powder, M.pt. 98-5° to 99° C. Excess of iodine 
should be avoided or dark coloured by-products are produced. 

Phenyldiethylstibine dichloride, C,H;.Sb(C,H;),Cl,, is prepared 
similarly to the dimethyl compound. It is a colourless oil which cannot 
be distilled without decomposition. The dibromide has similar pro- 
perties, but the di-iodide crystallises from benzene as pale yellow 
hexagonal plates, or long prisms from ether, M.pt. 88-5° to 89° C. 

Diphenylmethylstibine dichloride, CH,.Sb(C,H;),Cl,, obtained 
by the direct action of chlorine on the stibine in carbon tetrachloride 
solution, separates from acetic acid as colourless prisms, M.pt. 144° C. 
The dibromide also crystallises as colourless prisms, M.pt. 148° C. 

1 Matsumiya, Mem. Coll. Sci. Kydt6, 1925, 8, 17. 
2 Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
3 Griittner and Wiernik, Ber., 1915, 48, 1759. 
MomeicLs* TLE. 14 
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Diphenylethylstibine dichloride, C,H;.Sb(C,H,),Cl,, prepared in 
the usual manner, separates from carbon tetrachloride as colourless 
plates, M.pt. 163° to 164° C., and the dibromide yields monoclinic 
plates, M.pt. 158° C. 


COMPOUNDS OF THE Types RSbX, AND RSbO. 


The principal method of preparing the dihalogenated compounds 
RSbX,, consists in heating the tertiary stibines for a prolonged period 
with antimony trichloride at a high temperature in an autoclave : 


R,Sb + SbX, =RSbX, + R,SbX 
R,SbX +SbX, =2RSbX, 


Some diaryl compound occurs as a by-product in the preparation. 
Arylstibinoxides yield dihalides when their solutions in acetic acid 
are treated with halogen acids : 


RSbO +2HX =RSbX, +H,O 


A modification of this process consists in reducing arylstibinic acids 
and treating the reduced product with sodium halide in the presence 
of acid. The method is used for acids containing an amino-group 
substituted in the benzene nucleus, e.g. m-aminophenyldichlorostibine 
hydrochloride is formed when m-nitrophenylstibinic acid and stannous 
chloride are treated with a cold saturated solution of hydrogen chloride 
in aleohol. To transform this to the di-iodostibine hydriodide, its 
aqueous solution is acidified with hydrochloric acid and treated with 
a solution of sodium iodide. 

Another method of preparation affords an interesting instance of 
degrading a secondary antimony compound to a primary compound, 
e.g. p-acetylaminophenyldichlorostibine hydrochloride occurs when di- 
p-acetylaminodiphenylstibinoxide in acetic acid is warmed for one 
hour on a water-bath at 70° C., then cooled in ice and treated with 
hydrochloric acid (density 1:17) at 0° C. The reaction takes twelve 
hours to complete, but only nine hours if the acetic acid is replaced by 
100 per cent. formic acid : 


[(CH,.CO.NH.C,H,),Sb],0 —> 2CH,.CO.NH.C,H,.SbO 


The dichlorostibines containing an amino-group together with an 
hydroxyl or halogen grouping are prepared by the reduction of the 
corresponding nitro-acids. 

All the dihalides are solids, the melting-points rising as the number 
and weight of the substituents in the benzene nucleus increases. Treat- 
ment of their alcoholic solutions with sodium sulphide or hydrogen 
sulphide converts them to sulphides. Chlorine readily adds on to yield 
tetrahalides, which are transformed by moisture to stibinic acids. 
m-Aminophenyldichlorostibine hydrochloride is slowly decomposed in 
aqueous solution yielding antimony trioxide and m-diaminodiphenyl- 
chlorostibine. 

Oxides of the type RSbO are prepared by the following methods :— 

(1) Arylstibinic acids in methyl alcohol containing hydrogen 
chloride are reduced by sulphur dioxide in the presence of iodine: _ 


SO, 
CeH;.SbO,.nH,0 "> CgH,.SbO 
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(2) An aqueous suspension of a dihalide is treated with aqueous 
sodium carbonate : 


RSbCI, +Na,CO, =RSbO + 2NaCl +CO, 


(3) Diarylstibinoxides in glacial acetic acid or 100 per cent. formic 
acid are degraded to monoaryl compounds when the mixture is heated 
in a carbon dioxide atmosphere ; the same result is attained in methy] 
aleohol-hydrogen chloride solution. 

(4) Arylaminostibinoxides may be obtained by hydrolysis of the 
dichlorides by sodium or ammonium hydroxide, and also by the nitra- 
tion of unsubstituted stibinic acids and subsequent reduction by tin 
and hydrochloric acid in the presence of acetic acid. 

Phenylstibinoxide is the only unsubstituted oxide of its class known. 
Whilst it readily combines with acids, it is almost insoluble in alkali. 
Fuming nitric acid causes it to inflame, and hydrogen sulphide in the 
presence of ammonia converts it into the sulphide. If an amino-group 
is introduced into the nucleus the product becomes less: stable and 
oxidises in the presence of alkali, tartaric acid increasing the rate of 
oxidation ; substitution in the amino-group, however, increases the 
stability. All the monoarylstibinoxides are solids. 

Phenyldichlorostibine, C,H,;.SbCl,, may be prepared in two 
ways: (1) Triphenylstibine (80 grams) and 40 grams of antimony 
trichloride with 18 c.c. of xylene are heated together for 75 hours at 
240° to 245° C.1 The reaction takes place according to the equations : 


(C,H;),Sb + SbCl, =C,H,.SbCl, + (C,H;),SbCl 
(C,H,) SbCl + SbCl, =2C,H;.SbCl, 


The dichloride forms about 70 per cent. of the crude organic product, 
the remainder being diphenylchlorostibine (see p. 215). (2) Pheny]l- 
stibinoxide in 50 per cent. acetic acid is treated with 5N hydrochloric 
acid.” 

The dichloride crystallises in shining needles or plates, M.pt. 62° C., 
B.pt. 290° C., readily soluble in alcohols, benzene, ether or light 
petroleum. It causes painful wounds on the skin and has a pungent 
irritating odour when warm. When the dry substance is heated on 
the water-bath, antimony trichloride is eliminated and diphenyl- 
chlorostibine produced. An alcoholic ammonia solution of the di- 
chloride when saturated with hydrogen sulphide and acidified with 
hydrochloric acid yields phenylstibinous sulphide.? 

Phenyldi-iodostibine, C,H,;.SbI,.4—The oxide in acetic acid 
solution is treated with hydrochloric acid and subsequently with 
concentrated sodium iodide solution, when the di-iodide is precipitated. 
It may also be obtained by reducing an ice-cold solution of phenyl- 
stibinic acid (10 grams) in 40 c.c. of hydrochloric acid (density 1-126) 
with 10 grams of stannous chloride in 30 c.c. of hydrochloric acid 
(density 1-126), and adding concentrated sodium iodide solution until 
precipitation is complete. The di-iodide crystallises from acetic acid 


1 Griittner and Wiernik, Ber., 1915, 48, 1749; see Morgan and Vining, Trans. Chem. 
Soc., 1920, 117, 779; Morgan and Micklethwait, zbid., 1911, 99, 2288; Hasenbaumer, Ber., 
1898, 31, 2912. 

2 Schmidt, Annalen, 1920, 421, 219; German Patent, 397458. 

3 Hasenbaumer, loc. cit. 

4 Schmidt, loc. cit. 


212 ORGANOMETALLIC COMPOUNDS. 


in colourless needles, M.pt. 69° C., somewhat soluble in alcohols, acetone, 
carbon disulphide or ether. It is fairly stable in air when pure, but if 
impure it becomes red, antimony iodide separating out. . 

m - Aminophenyldichlorostibine hydrochloride,! C,H,.NH,. 
SbCl,.HCl.—m-Nitrophenylstibinie acid (30 grams) and 95 grams of 
stannous chloride are slowly treated with 230 c.c. of saturated alcoholic 
hydrogen chloride, the mixture being kept cool. The product separates, 
and is washed with concentrated hydrochloric acid and recrystallised 
from acidified methyl alcohol. It forms colourless needles, M.pt. 218° C. 
with decomposition.? It is fairly soluble in water and methyl alcohol, 
insoluble in acetone, benzene or ether. Its aqueous solution gradually 
decomposes, eliminating antimony trioxide and forming di-m-aminodi- 
phenylchlorostibine, but the presence of hydrochloric acid somewhat 
checks the decomposition. When its aqueous solution is saturated 
with hydrogen sulphide, a sulphide may be precipitated by the addition 
of sodium acetate. 

m-Aminophenyldi-iodostibine hydriodide, C,H,.NH,.SbI,.HI. 
—An aqueous solution of the chloride is acidified with hydrochloric 
acid, then treated with a solution of sodium iodide, the di-iodide 
separating as golden-yellow flocks. It melts at 160° C. to a dark red 
liquid, and is readily soluble in warm alcohol, sparingly soluble in water. 

p-Aminophenyldichlorostibine hydrochloride is obtained by 
the method used for the meta-compound. It forms colourless crystals, 
M.pt. 122° to 125° C., readily soluble in methyl alcohol ; its aqueous 
solution suffers more decomposition than that of the meta-derivative, 
which it resembles in properties. ? 

p-Acetylaminophenyldichlorostibine hydrochloride, CH,.CO. 
NH.C,H,.SbCl,.HCl.H,0,4 may be prepared in two ways: (1) p-Acetyl- 
aminophenylstibinie acid (50 grams) is stirred into 100 c.c. of ice-cold 
hydrochloric acid (density 1:19), 350 ¢.c. of glacial acetic acid added, 
followed by an ice-cold solution of 34 grams of stannous chloride in 
150 ¢c.e. of hydrochloric acid (density 1-19) containing a trace of iodine. 
After standing in ice for a few hours the product crystallises out ; it 
is collected, washed with acetic acid-concentrated hydrochloric acid 
(1:1), then with ether, and dried. It forms colourless crystals, sinter- 
ing at 125° C. It is not very stable and decomposes on keeping or on 
treating with ice-cold methyl alcohol into p-acetylaminophenyldichloro- 
stibine, consisting of fine, colourless crystals, M.pt. 200° C., soluble in 
a large bulk of methyl alcohol. (2) 3 grams of di-p-acetylaminodi- 
phenylstibinoxide are dissolved in 30 c.c. of acetic acid and warmed 
on the water-bath at 70° C. for one hour. The solution is cooled in ice 
and 60 c.c. of ice-cooled hydrochloric acid (density 1:17) added. After 
twelve hours 1:5 grams of hydrochloride are obtained, M.pt. 131°C. If 
the acetic acid be replaced by 100 per cent. formic acid, the reaction 
takes place at room temperatures in about nine hours. 

3 - Amino - 4 - hydroxyphenyldichlorostibine hydrochloride, 
(C,H,.OH.NH,)SbCl,.HCl.—To a solution of 60 grams of stannous 
chloride in 45 c.c. of saturated alcoholic hydrogen chloride maintained 
at —5° C., a solution of 24 grams of 3-nitro-4-hydroxyphenylstibinic acid 


1 Compare Schmidt and Hofmann, Ber., 1926, 59, [B], 555. 
2 Compare German Patent, 268541. 

3 Schmidt and Hofmann, loc. cit. 

4 Schmidt, Annalen, 1922, 429, 129. 
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in 60 c.c. of the same solvent is gradually added. When the temperature 
has risen to 22° C. the mixture is placed in ice for two days, when the 
hydrochloride is slowly deposited. It is collected, washed with cold 
concentrated hydrochloric acid, dried, dissolved in methyl alcohol 
and re-precipitated by ether. It melts with decomposition at 165° 
to 170° C., and is converted to the oxide by cold ammonium hydroxide, 
and to the stibinic acid by hydrogen peroxide in alkaline solution. 

3 - Amino - 4 - chlorophenyldichlorostibine hydrochloride, 
(C,H,.NH,.C1)SbCl,.HCl,4 occurs when: 3-nitro-4-chlorophenylstibinic 
acid and stannous chloride are treated gradually with alcoholic hydrogen 
chloride. It forms white needles, M.pt. 153° C. with decomposition, 
readily soluble in methyl alcohol, the solution yielding 3-amino-4-chloro- 
phenylstibinoxide as a voluminous precipitate when treated with dilute 
ammonium hydroxide. This oxide is more stable than the unchlorinated 
oxide ; it is converted to the dichloride by concentrated hydrochloric 
acid and to a sulphate by dilute sulphuric acid. 

Phenylstibinoxide, C,H;.SbO, may be prepared in several ways : 
(1) 25 grams of phenylstibinic acid in 100 ¢.e. of hydrochloric acid 
(density 1-18) are diluted with 200 c.c. of methyl alcohol and 90 c.c. 
of water. The mixture is cooled in ice, 0:5 gram of sodium iodide added 
and the liquid then saturated with sulphur dioxide. After several 
hours the whole is poured upon ice, and the oxide filtered off, washed 
and dried.* (2) Diphenylstibinoxide is boiled for 20 minutes in glacial 
acetic acid solution in an atmosphere of carbon dioxide, and the mixture 
afterwards cooled and treated with ice-cold ammonium hydroxide to 
precipitate the required oxide. This change also takes place when 
diphenylstibinoxide is warmed with 100 per cent. formic acid at 70° C. 
Another modification of the process is as follows : 3 grams of diphenyl- 
stibinoxide in 30 c.c. of methyl alcohol and 14 ¢.c. of saturated alcoholic 
hydrogen chloride are boiled in a carbon dioxide atmosphere for 4:5 
hours. After cooling the mixture is stirred into ice-cold sodium 
hydroxide, when the impure monoaryl oxide separates. The latter is 
filtered off, dissolved in ammoniacal hydrogen peroxide, the solution 
filtered, and the oxide again precipitated by acidification with hydro- 
chloric acid.? (8) Phenyldichlorostibine in aqueous suspension is 
treated with aqueous sodium carbonate.* | 

The oxide is a white voluminous powder, sintering at 153° to 154° C., 
readily soluble in acetic or formic acid, but insoluble in most organic 
solvents. It is practically insoluble in alkali, but combines with halogen 
acids. Nitric acid (density 1:49) causes it to inflame. When the 
oxide in alcoholic ammonia is saturated with hydrogen sulphide, acidi- 
fication of the solution with hydrochloric acid precipitates phenyl- 
stibinous sulphide, C,H;.SbS, which may be recrystallised from alcohol, 
and melts at 65° C. Phenyldichlorostibine yields the sulphide under 
similar conditions. 

m-Aminophenylstibinoxide, NH,.C,H,.SbO.—m-Aminopheny]l- 
dichlorostibine hydrochloride yields this oxide when hydrolysed by 
aqueous sodium hydroxide ® or better by ammonium hydroxide.® It 


1 Schmidt, Annalen, 1920, 421, 231; compare Schmidt and Hofmann, Ber., 1926, 59, 
[B], 555. 

2 Schmidt, Annalen, 1920, 421, 217. 3 Schmidt, Annalen, 1922, 429, 143. 

4 Hasenbaumer, Ber., 1898, 31, 2912. > German Patent, 268451. 

6 Schmidt, Annalen, 1920, 421, 225. 
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may also be obtained by nitrating phenylstibinic acid and reducing 
the m-nitro-acid obtained by tin and hydrochloric acid containing a 
little glacial acetic acid.t. The oxide is an amorphous colourless 
powder, sintering at about 170° C., easily soluble in dilute acids, and 
from sulphuric acid solution alcohol precipitates a sulphate. In alcohol 
it is sparingly soluble, but it may be dissolved in a large bulk of methyl 
alcohol. Treatment with dilute alkaline hydrogen peroxide, followed 
by hydrochloric acid, precipitates a substance which probably has the 
constitution HCI.NH,.C,H,.SbOCl, The oxide tends to oxidise 
further in the presence of alkali, and if tartaric acid also be present 
the rate of oxidation increases. It appears to exist also in a hydrated 
form, and the antimony content therefore varies in different preparations. 

p-Acetylaminophenylstibinoxide, CH,.CO.NH.C,H,.SbO.H,O,? 
occurs when p-acetylaminophenyldichlorostibine hydrochloride in ice- 
cold methyl alcohol is treated with normal ammonium hydroxide. 
It is an amorphous powder, sintering at about 180° C., slightly soluble 
in methyl alcohol or acetic acid, and when freshly precipitated dis- 
solves in water, especially in the presence of sodium hydroxide. 

p-Tolyldichlorostibine, CH,.C,H,.SbCl,.?—Tri-p-tolylstibine (10 
grams) and 12 grams of antimony trichloride in xylene solution are 
heated together for 48 hours at 245° C. The reaction mixture is then 
distilled in carbon dioxide, the dichloride being obtained as a crystalline 
solid, M.pt. 93-5° C., B.pt. above 360° C. It yields a tetrachloride, 
oxide and sulphide. 

Mono-biphenyldichlorostibine,# 


Co PENS 


A mixture of 10 grams of tri-biphenylstibine and 8 grams of antimony 
trichloride in 25 c.c. of xylene is heated at 220° to 240° C. in a sealed 
tube for 100 hours. The pasty product is filtered by suction and washed 
with cold benzene, about 9-6 grams resulting. The black filtrate con- 
tains an appreciable amount of diphenyl, and is a mixture of two 
substances difficult to separate. It is dissolved in hot benzene and 
filtered while warm, the filtrate depositing crystals on standing, which 
are removed and the new filtrate concentrated until a new crop of 
crystals forms. Each crop is dissolved in warm benzene and the 
process repeated a number of times. Eventually the mixture is 
separated into two portions, the less soluble portion consisting of needle- 
like crystals and the main part of lustrous plates. Slightly more than 
0-5 gram of di-biphenylchlorostibine and 2 grams of mono-biphenyl- 
dichlorostibine are isolated. The latter forms lustrous white plates 
from benzene, melting with previous sintering at 132° to 183° C. The 
vapours of the hot substance are irritating to the throat, while the 
skin of the face is slightly sensitive to the solid itself. 

Mono-biphenylstibinoxide, C,H,.C,H,.SbO, is prepared from the 
dichloride by the action of alcoholic ammonia. It softens above 
155° C., melting slowly at 159° to 160° C. 


May, T'rans. Chem. Soc., 1912, 101, 1033; German Patent, 268451. - 
Schmidt, Annalen, 1922, 429, 130. 

Hasenbaumer, Ber., 1898, 31, 2914. 

Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
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COMPOUNDS OF THE Types R,SbX AND (R,Sb),O. 


Unlike the secondary arsines, only derivatives of secondary stibines 
are known, the parent products R,SbH not having been described to 
date. The halides are prepared by indirect means by the following 
methods :— 

(1) Triarylstibines are heated with antimony trichloride in an auto- 
clave at a high temperature for a prolonged period : 


R,Sb +SbCl, =R,SbCl + RSbCl, 


(2) Triacetamidotriarylstibines in ice-cooled methyl alcohol are 
treated with alcoholic hydrogen chloride, diacetamidodiarylchloro- 
stibine hydrochlorides being obtained. 

(3) Arylaminodichlorostibine hydrochlorides are boiled with water, 
the antimony trioxide removed, and hydrochloric acid added. 

(4) Triarylstibine dihalides when heated under reduced pressure 
(5 to 7 mm.) eliminate aryl halide: 


R,SbX, =R,SbX +RX 


All the halogen compounds of the type R,SbX are solid and fairly 
stable, the stability decreasing in the presence of substituted amino- 
groups. The chlorides combine with chlorine yielding diarylstibinic 
chlorides, R,SbCl,, which on hydrolysis give diarylstibinic acids. 

The diarylstibinoxides, (R,Sb),O, have been isolated in a variety 
of ways, the investigation up to the present having been confined to 
phenyl compounds and their amino-substitution products : 

(1) A triarylstibine in methyl alcohol containing hydrogen chloride 
is boiled under reflux in a carbon dioxide atmosphere, then treated 
with dilute ammonium or sodium hydroxide. 

(2) A dry monoarylstibinoxide is heated at 100° C. in an atmo- 
sphere of carbon dioxide : 


4ARSbO =(R,Sb),0 +Sb,0, 


(3) A monoarylstibinoxide in acetic acid containing 20 per cent. 
tartaric acid is allowed to stand for a long period, the resulting product 
dissolved in methyl alcohol and treated with dilute ammonium hydroxide. 

(4) Diarylchlorostibines are digested with aqueous sodium carbonate. 

(5) Diaminodiarylstibinic acids in methy] alcohol solution are reduced 
by sulphur dioxide at a temperature not exceeding 25° C., and, after 
treatment with warm hydrochloric acid and dilution, the mixture is 
filtered and sodium hydroxide added in the presence of ice. 

(6) Diaminodiarylstibinous hydroxides are isolated by reducing the 
corresponding dinitrodiarylstibinic acids by tin and hydrochloric acid 
or zinc dust and ammonium chloride. 

The secondary arylstibinoxides are solids which do not possess 
very definite melting-points. Treatment with acids yields the corre- 
sponding salts, and hydrogen sulphide converts them into the corre- 
sponding sulphides. Diphenylstibinoxide is reduced by hypophos- 
phorous acid to tetraphenyldistibine. 

Diphenylchlorostibine, (C,H,;),SbCl, occurs to the extent of about 
30 per cent. when triphenylstibine and antimony trichloride are heated 
together in xylene solution at 250° to 280° C. in the proportions given 
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under phenylstibine dichloride (p. 211). The higher-boiling fraction 
obtained when the reaction mixture is distilled under reduced pressure 
contains the diphenylchlorostibine.t The reaction is best carried out 
in the rotating autoclave about to be described.? 
7 The rotating autoclave shown is a vessel formed by boring out the 
steel core of a 6-inch high-explosive shell until the thickness of the 
wall was about 1:9 cm. The steel cover, which is of similar thickness, 
is fastened down with twelve bolts and rendered gas-tight with a lead 
washer. The cover carries a powerful adjustable spring safety-valve, 
a steel thermometer tube projecting 
into the cavity of the autoclave, and 
a hollow steel tube carrying an all-steel 
pressure gauge, which communicates 
with the interior of the vessel by means 
of a narrow-bored steel tube dipping 
into and protected by a concentric steel 
case partly filled with heavy oil, and 
having a small aperture at its upper end 
for admitting the compressed gases from 
the autoclave. The pressure-gauge tube 
is fixed in the centre of the cover and 
fitted with a pulley, so that it also serves 
as the axle of rotation for the autoclave, 
which is supported and spun in an 
Fig. 5. inclined position. The vessel used in 
the foregoing preparation had a working. 
capacity of 1 litre. A glass lining blown to fit into the cavity of the 
autoclave was employed in lieu of an enamelled lining. 

The compound forms white crystals, M.pt. 68° C., soluble in alcohol, 
ether or benzene, insoluble in water and not hydrolysed by this solvent. 
It combines directly with chlorine, yielding diphenylstibinic chloride. 

Di-m-aminodiphenylchlorostibine dihydrochloride, (C,Hy,. 
NH,.HCl1),SbCl.°—8 grams of m-aminophenyldichlorostibine hydro- 
chloride are boiled for one hour with 500 c.c. of water, antimony tri- 
oxide separating out. The latter is removed, the filtrate evaporated 
and the residue taken up in alittle water. After again filtering, hydro- 
chloric acid is added, the dihydrochloride separating as colourless 
needles (3-7 grams), M.pt. 215° C. with decomposition.‘ It readily 
dissolves in water, and alkali precipitates the hydroxide. 

Di-p-acetylaminodiphenylchlorostibine hydrochloride, (CH. 
CO.NH.C,H,),5bCl HCL. °—4 grams of tri-p-acetylaminotriphenylstibine 
(M.pt. 205° C.) are suspended in a little methyl alcohol, cooled in ice, 
and alcoholic hydrogen chloride added in excess. Fine crystals slowly 
separate and are collected after several hours, washed with dilute 
alcoholic hydrogen chloride and dried. 8 grams of substance are 


* Griittner and Wiernik, Ber., 1915, 48, 1749; see May, Trans. Chem. Soc., 1912, rot, 
1033; Morgan and Micklethwait, ibed., 1911, 99, 2286; Michaelis and Giinther, Ber., 1911, 
44, 2318; Hasenbaéumer, ibid., 1898, 31, 2910; Michaelis and Reese, Annalen, 1886, 233, 
57. 

2 Morgan and Vining, Trans. Chem. Soc., 1920, 117, 777. 

3 Schmidt, Annalen, 1920, 421, 239. 

4 See Morgan and Micklethwait, Trans. Chem. Soc., 1911, 99, 2296; Proc. Chem. Soc., 
1912, 28, 20. 

5 Schmidt, Annalen, 1922, 429, 136. 
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obtained, M.pt. about 135° C., soluble in a large bulk of methyl 
alcohol. The product is mot stable, the hydrochloric acid present 
slowly hydrolysing the acetyl group even in closed vessels.t The 
corresponding bromo-hydrobromide is obtained in a similar manner. 

Diphenylstibinoxide, |(C,H,).Sb|],0, may be prepared in several 
ways: (1) Triphenylstibine (9 grams) with 150 c.c. of methyl alcohol 
and 30 ¢.c. of saturated alcoholic hydrogen chloride is boiled for one 
thour under reflux in a stream of carbon dioxide. The whole is then 
cooled in ice and treated with an excess of dilute sodium hydroxide, 
when a milky separation of oxide occurs. This is extracted with ether, 
the aqueous alcohol solution containing a little diphenylstibinic acid. 
Evaporation away of the ether gives a good yield of the oxide as an 
oil, which is crystallised from alcohol.? (2) Dry phenylstibinoxide is 
heated on a boiling water-bath in a carbon dioxide atmosphere for 
four hours. The product is then extracted with warm alcohol to 
remove antimony trioxide, slow evaporation of the extract yielding 
thick shining crystals of the oxide. (8) 5 grams of phenylstibinoxide 
in 50 c.c. of acetic acid are treated with 25 c.c. of 20 per cent. tartaric 
acid. After long standing, crystals separate, M.pt. 182° C., which 
appear to be the tartrate. These are dissolved in methyl alcohol and 
dilute ammonium hydroxide stirred in, a milky precipitate of the 
oxide separating and slowly solidifying. (4) Diphenylchlorostibine is 
digested with aqueous sodium carbonate.* 

The oxide forms colourless crystals, M.pt. 78° to 80° C. When 
dissolved in acetic acid and treated with hydrochloric acid (density 
1:18), it yields diphenylchlorostibine, M.pt. 68° C. It is reduced by 
hypophosphorous acid to tetraphenyldistibine, (C,H;),Sb.Sb(C,H;)., 
a yellow compound. Nitric acid reacts violently with the oxide. 
Hydrogen peroxide in alkaline-alcoholic solution converts it to di- 
phenylstibinic acid. 

m-Diaminodiphenylstibinoxide,° 


CH CH 
: »Sb—0—SbC se 
NCH C,H,.NH, 


The hydrochloride from m-diaminodiphenylstibinic acid (48 parts) is 
dissolved in 300 parts of warm methyl alcohol, the solution cooled and 
saturated with sulphur dioxide at a temperature not exceeding 25° C. 
After standing for some hours, 20 parts of hydrochloric acid (density 
1-123) followed by 100 parts of water are added and the mixture filtered 
from by-products. The oxide is precipitated from the filtrate by 
rendering it alkaline with sodium hydroxide in the presence of ice. 
The product is a slightly coloured powder, sintering at about 70° C., 
and having an irritant action on the mucous membrane of the nose. 
It reduces Tollen’s reagent and is insoluble in alkali. 
Di-m-aminodiphenylstibinous hydroxide, (C,H,.NH,),SbOH, ® 
occurs when the corresponding stibinous chloride hydrochloride in 


1 Compare German Patent, 397079. 

2 Schmidt, loc. cit. 

3 Schmidt, Annalen, 1920, 421, 234; German Patent, 389151. 

4 Michaelis and Giinther, Ber., 1911, 44, 2318. 

5 German Patent, 269206. 

6 Schmidt, loc. cit.; see Morgan and Micklethwait, Proc. Chem. Soc., 1912, 28, 20.. 


218 ORGANOMETALLIC COMPOUNDS. 


aqueous solution is treated with alkali, or by reducing 3 : 3’-dinitro- 
diphenylstibinic acid with tin and hydrochloric acid or zinc and ammo- 
nium chloride. It is a caseous, colourless precipitate, soon becoming 
hard. It sinters above 70° C., and is soluble in alcohol or acetone, 
sparingly soluble in ethyl acetate. 

Di-p-acetylaminodiphenylstibinous hydroxide, (CH,.CO.NH. 
C,H,),SbOH.1:-5H,0.1—Di-p-acetylaminodiphenylchlorostibine hydro- 
chloride suspended in methyl alcohol is treated with 5N sodium 
hydroxide solution until the mixture is alkaline. Water is added until 
a permanent turbidity occurs, the mixture filtered and placed in ice, 
when the hydroxide separates. It forms small, colourless crystals, 
melting at about 130° C., fairly soluble in methyl alcohol, sparingly 
soluble in ethyl aleohol. A more recent method of preparation ? consists 
of boiling a suspension of di-p-acetamidodiphenylchlorostibine hydro- 
- chloride (10 grams) in 1000 c.c. of 0-005N sodium hydroxide solution 
for one hour. The product intumesces at 128° C. In acetic or formic 
acid solution the hydroxide decomposes with formation of p-acetyl- 
aminostibinoxide. 

Diphenylstibinous acetate, (C,H;),.5b0.CO.CH,.— When dipheny]- 
stibinoxide is dissolved in a little hot glacial acetic acid and the solu- 
tion cooled, the acetate crystallises as shining, colourless needles, M.pt. 
182° C., readily soluble in warm methyl alcohol, hydrolysed by water. 

Diphenylstibinous sulphide, [(C,H;),5b].S.2—The oxide in alco- 
holic solution is treated with hydrogen sulphide and the solution 
evaporated. The sulphide forms long white needles, M.pt. 69° C. 

Di-p-tolylchlorostibine, (CH,.C,H,),SbCl.4—Tri-p-tolylstibine di-. 
chloride (2 grams) is heated under 5 to 7 mm. pressure, p-chlorotoluene 
distilling at 60° to 65° C. and the chlorostibine at 160° to 200° C. in 
almost quantitative yield. After washing with light petroleum and 
alcohol the stibine is obtained as a white solid. 

Di-p-tolylbromostibine, (CH,.C,H,),SbBr, is obtained in a 
similar manner to the chloro-compound. It is a pale cream substance, 
M.pt. above 290° C., sparingly soluble in organic solvents. 

Di-p-tolyliodostibine, (CH,.C,H,),SbI, is a white solid, M.pt. 
233° C., almost insoluble in cold organic solvents, but soluble on 
warming. 

Di-biphenylchlorostibine,®> (C,H;.C,H,),SbCl, may be obtained 
as described under mono-biphenyldichlorostibine (p. 214) or by heating 
tri-biphenylstibine dichloride above its melting-point. The yield by 
the latter process is very small, since decomposition occurs, a good 
yield of 4-chlorodiphenyl resulting. The chlorostibine separates from 
benzene in aggregates of small needles, softening gradually above 
150° C., and melting at 187° to 188° C. 

Di-biphenylstibinoxide, |(C,H;.C,H,).Sb],0, is a white, crystal- 
line powder, melting at 120° to 121° C. with previous sintering, and 
obtained from the foregoing chloride by the action of alcoholic ammonia. 


1 Schmidt, Annalen, 1922, 429, 137. 

2 Morgan and Cook, J. Chem. Soc., 1930, p. 741. 

3 Michaelis and Giinther, loc. cit. 

4 Goddard and Yarsley, Trans. Chem. Soc., 1928, p. 720. 
5 Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
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CoMPOUNDS OF THE Types RSbCl, anv R,SbCI,. 


The tetrachlorides, RSbCl,, were amongst some of the earliest 
aromatic antimonials obtained, owing to the fact that they are simple 
chlorine addition products of the aryldichlorostibines. The methods 
of preparation are as follows :— 

_ (1) By the further chlorination of compounds of the type RSbCI, : 


RSbCl, + Cl, =RSbCI, 


(2) By the action of concentrated hydrochloric acid upon aryl- 
stibinic acids. 

The compounds are decomposed by water, yielding arylstibinic 
acids, and are solids melting with decomposition. When arylstibinic 
acids in concentrated hydrochloric acid are treated with aqueous 
ammonium chloride solution saturated with hydrogen chloride, double 
salts of the type (RSbCI,;)NH, are produced, associated with varying 
amounts of water. Such compounds are hydrolysed by water to 
arylstibinic acids. Similar types of salts are obtained with aniline and 
similar amines, also with pyridine and quinoline. 

The trichlorides, R,SbCl;, are isolated by the following methods :— 

(1) Diarylchlorostibines are treated with dry chlorine : 


R,SbCl +Cl, =R,SbCI, 


(2) By treating diarylstibinie acids with concentrated hydrochloric 
acid. 

(3) The type R,SbCl, occurs as a by-product, together with the 
triarylstibine dichloride, when triarylstibines are prepared by the 
Fittig reaction. 

(4) Triarylstibines in acetone are treated with a boiling mixture 
of water and 5N sodium hydroxide solution, followed by 6 per cent. 
hydrogen peroxide. The precipitate then formed by the addition of 
dilute sulphuric acid is converted to the trichloride by hydrochloric acid. 

The diarylstibinic chlorides are susceptible to moisture, being 
hydrolysed to diarylstibinic acids. 

Phenylstibinic chloride, C,H;.SbCl,, may be obtained by saturat- 
ing a cold ether solution of phenyldichlorostibine with chlorine and 
evaporating the solution,! or by treating phenylstibinic acid with 
concentrated hydrochloric acid and evaporating the solution on the 
water-bath.2 It forms very hygroscopic crystals, M.pt. 60° to 65° C., 
easily soluble in ether, benzene, hot chloroform or hydrochloric acid. 
It is hydrolysed to the stibinic acid by water, and gradually decomposes 
on keeping or rapid heating, yielding diphenylstibinic chloride and 
antimony trichloride. 

When a hydrochloric acid solution of phenylstibinic acid is treated 
with a saturated hydrochloric acid solution of ammonium chloride, a 
yellow precipitate of ammonium phenyl chloroantumonate separates. 
This is washed free from ammonium chloride by concentrated hydro- 
chloric acid and dried. It is a pale yellow voluminous powder, M.pt. 
above 260° C., stable in air and decomposed by water, yielding phenyl- 
stibinic acid. It has the constitution (C,H;.SbCl,)NH,, and similar 
salts may be obtained with aniline, dimethylaniline, pyridine, quinoline, 


1 Hasenbaumer, Ber., 1898, 31, 2913. 
2 Schmidt, Annalen, 1920, 421, 199. 
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dicyandiamidine and guanidine; urea gives a colourless precipitate, 
ethylamine and allylamine faint yellow precipitates, methylamine a 
colourless precipitate soon becoming yellow, and urethane an oil. 
o-Nitrophenylstibinic chloride, NO,.C,H,.SbCl,.—o-Nitrophenyl- 
stibinic acid in methyl alcohol is treated with concentrated hydrochloric 
acid, the oil which separates soon solidifying to crystalline plates. 
These melt at 127° C., and are easily soluble in alcohol or ether. The 
chloride is slowly decomposed by water, which precipitates yellow 
flocks of the stibinic acid from alcoholic solution. 
m-Nitrophenylstibinic chloride, NO,.C,H,.SbCl,.H,O, crystal- 
lises from a solution of m-nitrophenylstibinic acid in warm hydrochloric 
acid (density 1:18). It sinters at about 60° C., and when kept in a 
vacuum desiccator for 14 days the melting-point rises to about 140° C. 
It is fairly soluble in ether or alcohol, and with water yields the stibinic 
acid. The ammonium double salt, (NO».C,H,.SbCl,)NH,.4H,O, prepared 
in the same way as the corresponding phenyl compound, sinters above 
235° C. 
m-Aminophenylstibinic chloride hydrochloride, (NH,.HC1) 
C,H,.SbCl,.1$H,O, occurs when m-aminophenylstibinic acid is treated 
with concentrated hydrochloric acid. It forms colourless crystals, 
blackening above 190° C., readily soluble in water or alcohol. 
p-Aminophenylstibinic chloride hydrochloride, (NH,.HC1) 
C,H,.SbCl,.13H,O, is prepared by stirring a moist paste of p-amino- 
phenylstibinic acid with ice-cooled hydrochloric acid (density 1-19). 
It is a pale yellow powder, melting with decomposition at about 155° C., 
readily soluble in water or alcohol. When heated for half an hour on 
the water-bath in dilute aqueous solution, most of the antimony is 
eliminated, but this change does not take place with m-aminopheny]l- 
stibinic acid. 
p-Chlorophenylstibinic chloride, CIC,H,.SbCl,,? is a yellow, 
crystalline substance, deliquescent in air. When p-chlorophenylstibinic 
acid in concentrated hydrochloric acid (density 1-126) is treated with 
a saturated solution of ammonium chloride in hydrochloric acid, a 
citron-yellow precipitate of ammonium p-chlorophenyl chloroantimonate, 
(CIC ,H,.SbCl,)NH,.4H,O, is obtained. This is unchanged at 250° C., 
forms a colourless solution in methyl] alcohol and is hydrolysed by water. 
m-Nitro-p-chlorophenylstibinic chloride, NO,.CI.C,H,.SbCl,. 
5H,O, obtained in the usual way, forms colourless crystals which melt 
at 80° C. when dried in air. It is fairly soluble in ether, readily soluble 
in warm chloroform, insoluble in benzene, and hydrolysed by water. 
When the pentahydrate is dried in a vacuum, four molecules of water 
are driven off, the resulting monohydrate sintering at 122° C. The 
double salt with ammonium chloride is a colourless compound having 
the composition (NO,.CI.C,H3.SbCl,),NH;.8H,O. It is soluble in 
alcohols and ether, decomposed by water, and unmelted up to 220° C. 
Diphenylstibinic chioride, (C,H;),SbCl,.H,0, may be prepared 
in several ways: (1) It crystallises out when a hot solution of dipheny]- 
stibinic acid in dilute hydrochloric acid is cooled.? (2) Antimony tri- 
chloride (48 grams) and 48 grams of chlorobenzene are dissolved in 150 
to 200 c.c. of dry benzene and added to 20 grams of sodium which has 
1 Schmidt, Annalen, 1922, 429, 146. 


2 Schmidt, Annalen, 1920, 421, 207. 
3 Schmidt, Annalen, 1920, 421, 236. 
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been granulated under toluene. If the reaction does not start spon- 
taneously, the mixture is gently warmed. After 24 hours the mixture 
is filtered, the filtrate evaporated and the residual oil triturated with 
alcoholic hydrochloric acid until it solidifies, the solid then being dis- 
solved in the minimum quantity of boiling alcohol. On cooling, most 
of the triphenylstibine dichloride crystallises out, and concentration of 
the mother liquors yields impure diphenylstibinic chloride. This is 
purified by extraction with hot dilute hydrochloric acid, the acid 
solution when filtered from triphenylstibine dichloride giving colourless 
crystals of the required chloride. The yield varies from 11 to 16 per 
cent. on the weight of antimony trichloride. (3) Diphenylchloro- 
stibine is treated with dry chlorine and the resulting product recrystallised 
from dilute hydrochloric acid. (4) It occurs as a by-product when 
mercury diphenyl and antimony trichloride are heated together in a 
sealed tube in xylene solution at 130° C.3 

The chloride crystallises in needles, M.pt. 176° C., soluble in alcohol 
or dilute hydrochloric acid, insoluble in water. Alcoholic silver nitrate 
converts it into a basic nitrate, consisting of colourless needles, decom- 
posing at 206° C. 

mm/’- Diaminodiphenylstibinic chloride dihydrochloride, 
(C,H,.NH,).SbCl,.2HCl1.2H,O, is obtained as a fine, crystalline pre- 
cipitate, obtained when an excess of hydrochloric acid is added to 
mm’'-diaminodiphenylstibiniec acid. It does not melt at 250° C. and 
dissolves only slowly in cold water, more readily on heating. 

Di-p-tolylstibinic chloride, (C,H,.CH,),SbCl,.—A solution of 
6 grams of tri-p-tolylstibine in acetone is gradually added to a boiling 
mixture of 113 ¢c.c. of water, 37 c.c. of 5N sodium hydroxide and 
22-5 c.c. of 6 per cent. hydrogen peroxide. Any precipitate which is 
formed is removed and dilute sulphuric acid added. The white volum- 
inous precipitate which results is reprecipitated, first from 5N hydro- 
chloric acid as the pyridine double salt and then from dilute sodium 
hydroxide by means of dilute acetic acid. It is then dissolved in 
moderately concentrated boiling hydrochloric acid and the solution 
evaporated to small bulk. Colourless needles of the trichloride separate, 
which crystallise from benzene as colourless plates, sintering at 130° C. 
and melting at 141° to 142° C.4 

3:3’ :5:5’-Tetrachloro - 4: 4’ - dianisylstibinic chloride, 
(CH,0.C,H,Cl,).SbCl,.°—Chlorine is passed into one part of tri- 
p-anisylstibine in fifteen parts of dry chloroform. The solvent is 
removed and the residue dissolved in benzene, from which the trichloride 
slowly separates. The whole operation must be conducted in a dry 
atmosphere owing to the susceptibility of the product to moisture. 
The chloride forms colourless crystals, M.pt. 184° C., readily soluble in 
chloroform or ether, sparingly soluble in alcohol or benzene, insoluble 
in light petroleum. 

Di-biphenylstibinic chloride,® (C,H,;.C,H,),SbCl,, isolated by the 
action of chlorine on di-biphenylchlorostibine in chloroform solution, 

1 Morgan and Micklethwait, Trans. Chem. Soc., 1911, 99, 2286; see Michaelis and Reese, 
Annalen, 1886, 233, 58. 

2 Michaelis and Giinther, Ber., 1911, 44, 2319. 

3 Hasenbaumer, Ber., 1898, 31, 2911. 

4 Goddard and Yarsley, J. Chem. Soc., 1928, p. 719. 


5 Léloff, Ber., 1897, 30, 2834. 
§ Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 
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forms pale yellow flat needles, softening above 200° C. and melting 


at 210° C, 
PRIMARY ARYLSTIBINIC ACIDS. 


The production of many of the compounds under this heading has 
been made possible only owing to the discovery that antimony can be 
introduced into the benzene ring by use of the diazo-reaction. The 
older method consisted in the hydrolysis of arylstibinic chlorides, but 
to obtain the latter it is first necessary to prepare the triarylstibine 
and subject it to “‘ dearylation.’”? This process, apart from being long 
and tedious, does not give particularly good or consistent yields. The 
following scheme shows the main primary arylstibinic acids known 
(excluding condensation products), X denoting the grouping 
—SbO(OH),. 
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* denotes Cl, Br or I. 


The preparation of these derivatives may be accomplished as 


follows :— 
(1) By the hydrolysis of arylstibinic chlorides : 


RSbCl, —> RSbCl, —> RSbO(OH), 
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(2) Monoaryldichlorostibines in alkaline solution are treated with 
hydrogen peroxide. 

(3) By the use of the diazo-reaction. In this connection Schmidt ? 
considers that antimony trioxide must act as antimonious acid when 
taking part in this reaction and may exist in tautomeric forms as 
shown by 


OH O 
eon > H_-sbZ0H 
OHGt \OH 


If the reaction between the diazo-compound and the antimony oxide 
took the normal course as in the case of arsenious oxide,? the following 
scheme would represent the formation of arylstibinic acids : 


/ Ou /Ou 
PN NOOO Chon BN N-OSb 1HX 
OH \OH 
on pier 
RN: N.O.SbC eure Ea +N, 
OH OH 
0 


It is possible to have another representation of the last phase of this 
reaction : 


but this may be ruled out as untenable since the resulting product 
would be an ester of antimonious acid, and such products are not 
stable in the presence of water. Supposing that the antimony changes 
to the pentavalent condition during the reaction, the scheme might 
be represented in the following manner : 4 


RN: NX + spo — RN: n—sbZoH On 
\OH yA 


RN: Sate ar latte N—SbCOM +X 
Sy NOE: 


ane oe 
RN : N—Sb—OH ——> RSb—OH +N, 
NO NO % 


According to this representation a diazostibinic acid is produced, 
simple evolution of nitrogen then giving the stibinic acid.. Such a 


1 Schmidt, Annalen, 1920, 421, 174. 
2 See this Vol., Part II, pp. 154, 155. 
3 Mackey, Trans. Chem. Soc., 1909, 95, 604. 
4 Compare Christiansen, ‘‘ Organic Derivatives of Antimony,’ Chem. Catalog. Co., 1925, 
pp. 56, 57. 
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product would also be obtained if the tautomeric form of the anti- 
monious acid is involved : 


RN: NX + rae Ol .RN. N—8b20H OH +HX 
NO NO 


yon ae 
RN : N—Sb—OH —— RSb—OH +N, 


As is often the case when using the diazo-reaction, each compound 
requires its own special conditions of preparation, and acid, neutral or 
alkaline, media are employed to suit the specific case under investiga- 
ition, and occasionally a catalyst is beneficial for facilitating the evolu- 
tion of the diazo-nitrogen. The antimony is sometimes introduced in 
the form of tartar emetic, or double compounds of aryl diazonium 
chlorides with antimony trichloride may be treated with sodium 
hydroxide. A variation of the latter procedure consists of mixing the 
amine in hydrochloric acid with antimony trichloride in the same solu- 
tion, diazotising the mixture, then rendering it alkaline. Nitroaryl- 
stibiniec acids are prepared by diazotisation of nitroarylamines or 
direct nitration of arylstibinic acids, when the nitro-group enters the 
ring in the meta-position to the antimony. Reduction of-the nitro- 
acids by ferrous hydroxide or titanous chloride yields the corresponding 
aminoarylstibinic acids. The latter may be acetylated, diazotised or 
condensed with such substances as ethyl chlorocarbonate or benzene 
sulphonic chloride in the usual manner. The acids RSbO(OH), are 
usually amorphous products, having no melting-point. They dissolve 
in alkalis, but are insoluble in water; they yield salts with the heavy 
metals. They are amphoteric, dissolving in concentrated hydrochloric 
acid to afford arylstibinic chlorides. Reduction may lead to stibinous 
oxides or stibino-compounds, the ultimate product depending upon the 
reducing agent employed. 

The formule assigned to the arylstibinic acids have given rise to 
considerable discussion. This is due to the fact that the products may 
be isolated with varying degrees of water of hydration, the amount 
depending upon the method of preparation and the conditions of drying 
the acids. Those which are formed by the hydrolysis of arylstibinic 
chlorides retain more water than those isolated by the acidification of 
solutions of alkali arylstibinates. Phenylstibinic acid is represented 
by the formule [3(C,H,;SbO,)H,O].2H,O and [8C,H,SbO,.H,O].3H,O, 
since two or three molecules of water may be removed by drying in 
a vacuum over sulphuric acid, whereas the last molecule requires a 
high temperature for its removal. The action of the acid towards 
alkali also supports this formulation, since Schmidt observed that it 
will dissolve completely in one-third of a molecular equivalent of sodium 
hydroxide and that the resulting solution, although at first neutral to 
phenolphthalein, gives an acid reaction on standing and requires further 
addition of alkali for neutralisation ; this addition may be continued 
until one molecular equivalent of alkali has been added, when no further 
change takes place, this pointing to the operation being one of hydra- 
tion of the antimony atoms, during which the complex molecule is 
dissociated into the phenyl derivative of orthoantimonic acid. The 
foregoing observations on hydration are also repeated with potassium 
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hydroxide, but less readily with lithium hydroxide.t. The phenomenon 
is noted also in the case of pyroantimonic acid,” which, on neutralisation 
with sodium hydroxide, using phenolphthalein as indicator, becomes 
acid again on standing or boiling. This is due to the formation of acid 
sodium orthoantimonate ; when the pyro-acid is completely converted, 
no further change takes place. A number of hydrates is also known 
to exist in the case of antimonic oxide, the final product depending on 
conditions of previous drying and method of hydration.? | 

The arylstibinic acids also possess the properties of colloids, similar 
to the case of the tri- and tetra-hydrates of antimony pentoxide.* 
An alkaline solution of a stibinic acid, when titrated with a mineral 
acid, soon becomes turbid, and when sufficient acid has been added 
to neutralise the whole of the alkali present, the turbidity becomes 
more marked. According to Schmidt the turbid solutions possess the 
properties of hydrosols, and an excess of acid is required to precipitate 
the colloidal acids from the turbid solutions. i 

The formation of complexes takes place with all primary aryl- 
stibinie acids, the substituents in the ring exerting an effect on the 
nature of the final product. 

Macallum ° does not agree with Schmidt’s conception of the formulee 
for primary arylstibinic acids, but supports the simple formula, 
C,H;.SbO(OH),, his ideas being based upon molecular weight deter- 
minations, but until further work has been done it would be unwise 
to give a verdict on this view. 

Phenylstibinic acid, [8(C,H,SbO,)H,O|].nH,O or [3(C,H;SbO,) 
2H,O]|.nH,O, may be prepared in several ways: (1) From antimony 
trioxide and benzene diazonium chloride in the presence of alkali. 
The crude product is purified by conversion into ammonium phenyl 
chloroantimonate (p. 219), which is then hydrolysed by water.® (2) 
From the double compound of antimony trichloride and benzene 
diazonium chloride by the action of alkali.? (8) 98 grams of aniline 
are dissolved in 1000 c.c. of water and 147 grams of sulphuric acid and 
diazotised by 71 grams of sodium nitrite. A solution from 140 grams 
of antimony trioxide in 764 grams of hydrochloric acid (density 1-123) 
is treated with 600 grams of sodium hydroxide in 3000 c.c. of water 
and rapidly cooled to 0° C., when a portion of the sodium antimonite 
separates out. To the solution the diazonium solution is then added 
with rapid stirring. Copper paste is added, and nitrogen is readily 
evolved. After several hours the excess of alkali is nearly neutralised 
by dilute sulphuric acid, the mixture filtered, and the phenylstibinic 
acid precipitated by adding hydrochloric acid. The crude acid 
(100 grams) is dissolved by heat in 250 grams of hydrochloric acid 
(density 1-123) and the hot solution saturated with solid ammonium 
chloride. Shining plates of phenylstibinic oxychloride separate and 
are washed with a saturated solution of ammonium chloride in hydro- 
chloric acid. The crystals are then dissolved in a slight excess of 


1 Schmidt, Annalen, 1922, 55, 697. 

2 Delacroix, J. de Pharm., 1897, [6], 6, 337. 

2 Senderens, Bull. Soc. chim., 1899, [3], 21, 49; Delacroix, zbid., 1899, [3], 21, 1049; 
1901, [3], 25, 288. 

4 Jander, Kolloid. Zeitsch., 1918, 23, 122. 

5 Macallum, J. Soc. Chem. Ind., 1923, 42, 468 T. 

6 Schmidt, Annalen, 1920, 421, 188. 

7 American Patent, 1260707; see May, Trans. Chem. Soc., 1912, 101, 1033. 
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dilute sodium carbonate solution, the solution filtered and the acid 
precipitated by acidifying the filtrate with dilute acid.t (4) 93 grams 
of aniline and 220 grams of antimony trichloride are dissolved in 
850 grams of hydrochloric acid (density 1-123) and 1000 c.c. of water 
added. The solution is diazotised with 71 grams of sodium nitrite 
and a solution of 400 grams of sodium hydroxide in 10,000 c.c. of water 
slowly run in, the mixture being cooled and vigorously stirred during 
the operation. A brisk evolution of nitrogen soon takes place, and 
the product is isolated from the reaction mixture as in the preceding 
process.2. (5) Phenyldichlorostibine, obtained by heating triphenyl- 
stibine and antimony trichloride together in xylene solution, is sus- 
pended in ether and chlorinated. The resulting oil is treated with 
ammonium hydroxide and the phenylstibinic acid precipitated from 
the filtrate by acidification with hydrochloric acid.? 

Phenylstibinic acid is a white solid, not melting below 250° C., 
slightly soluble in alcohol, more soluble in acetone, and separating 
from hot acetic acid in fine crystals. It dissolves in warm chloroform 
or amyl acetate, and is readily soluble in cold alcohol-benzene, alcohol- 
ether or alcohol-chloroform mixture, separating from the last-named 
as diamond-shaped glistening crystals on the addition of a little water. 
It is soluble in dilute alkalis, yielding salts, and the bariwm salt is pre- 
cipitated by adding barium chloride to an ammoniacal solution of the 
acid. The acid reacts with hydrogen sulphide to yield a pale yellow 
sulphide, decomposed on warming with partial formation of antimony 
sulphide.* 

4-Chlorophenylstibinic acid, 


aX -SbO(OH), 


A solution of 50 grams of p-chloroaniline in 250 grams of hydrochloric 
acid (density 1-123) and 150 grams of water is diazotised by the addition 
of a solution of 29 grams of sodium nitrite. To this solution are added 
84 grams of antimony trichloride in 110 grams of hydrochloric acid 
(density 1-123) and 50 grams of water. The thick yellowish precipitate 
which separates is washed with dilute hydrochloric acid, suspended in 
1500 grams of water and treated with 150 grams of sodium hydroxide 
(density 1-47). Nitrogen is slowly evolved, and when the evolution is 
complete the mass is filtered and the solid extracted many times with 
warm dilute sodium hydroxide solution. Acidification of the combined 
filtrates precipitates p-chlorophenylstibinie acid, which is filtered off, 
dried, dissolved in 110 grams of warm hydrochloric acid (density 1-123) 
and treated with a little animal charcoal. After filtration the solution 
is saturated with solid ammonium chloride, when 4-chlorophenylstibinic 
oxychloride is precipitated. This is washed with a saturated solution 
of ammonium chloride in hydrochloric acid (density 1-123) to remove 
inorganic antimony compounds. The residue is dissolved in dilute 
sodium hydroxide, and after filtration the stibinic acid is precipitated 
by dilute hydrochloric acid.*® 

1 German Patent, 254421; English Patent, 16350 (1912). 

2 German Patent, 261285. 3 May, loc. cit.; Hasenbiumer, Ber., 1898, 31, 2913. 

4 For the preparation of neutral-reacting, alkali-soluble aromatic stibinic acids, see 
German Patent, 267083. 


> German Patent, 261828; May, T'rans. Chem. Soc., 1912, 101, 1037; Schmidt, 
Annalen, 1920, 421, 207. 
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4-Chlorophenylstibinic acid is a colourless powder, soluble in mixtures 
of alcohol with benzene, chloroform or carbon disulphide, from which 
it separates in a crystalline condition. The compound decomposes 
without melting on heating. 

4-Bromophenylstibinic acid, BrC,H,.SbO(OH),, occurs when 
diazotised p-bromoaniline is treated with antimony trioxide in the 
presence of alkali. The mixture is decolorised by animal charcoal and 
dilute sulphuric acid added until the solution is nearly neutral to litmus, 
any precipitate being filtered off. The solution is then made neutral 
to Congo red by the addition of dilute acid, when the stibinic acid is 
precipitated as a pale buff-coloured body.? 

2-Nitrophenylstibinic acid, 


echo H.O 
we Bees 
NO, 


A solution of 18-8 grams of o-nitroaniline in 100 c.c. of 5N nitric acid 
is diazotised in the usual manner, and after cooling with ice is treated 
with 40 c.c. of 5N sodium hydroxide solution and a solution of 33 grams 
of tartar emetic. The mixture is stirred and sodium hydroxide solution 
run in until a vigorous evolution of nitrogen takes place, this requiring 
about 40 c.c. of 5N sodium hydroxide. When a test portion no longer 
couples, the whole is made strongly alkaline, then acidified and warmed. 
The precipitated stibinic acid is filtered off and dried. To remove 
impurities the acid is treated with concentrated hydrochloric acid, 
then dissolved in alcoholic hydrochloric acid, from which solution 
impurities may be precipitated by carefully adding water. After 
filtration the stibinic acid is precipitated by the addition of water. ? 

o-Nitrophenylstibinie acid is a yellowish-brown powder, remaining 
unchanged at 285° C. It is sparingly soluble in methyl and ethyl 
alcohols, even after the addition of chloroform, but it dissolves in a 
large bulk of boiling acetic acid and in dilute alkali. Methyl alcohol- 
hydrochloric acid mixture converts it into the stibinic chloride.* When 
boiled with an excess of sodium hydrogen tartrate the acid forms a 
tartrate, NO,.C,Hy.SbO(OH),..C,H,;0O,Na. 

3-Nitrophenylstibinic acid, 


K — S-Sb0,.nH,0 
NO, : 


This acid may be obtained in two ways: (1) m-Nitroaniline is diazotised 
and treated with tartar emetic in slightly acid solution, but the yield 
is very small.4 (2) By adding phenylstibinic acid to well-cooled 
fuming nitric acid (density 1-51) and purifying by means of the 
chloride, as in the case of phenylstibinic acid. The acid also occurs 
when 12 parts of nitric acid (density 1-5) and 4 parts of concentrated 


1 Fargher and Gray, J. Pharm. and Exper. Therap., 1921, 18, 354. 

2 Schmidt, zbed., p. 205. 

3 Macallum (J. Soc. Chem. Ind., 1923, 469T) disagrees with Schmidt’s formula- 
tion of this acid and states that molecular weight determinations of this acid and also 
of p-aminophenylstibinic acid in phenol solution give figures which point to these 
derivatives being monomolecular. 

4 Schmidt, zbid., p. 202. 
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sulphuric acid are used as the nitrating mixture at 40° to 55° C.? It 
is a pale yellow powder, unmelted below 290° C., and has a similar 
solubility to the preceding acid. It is decomposed when heated with 
phosphorus pentabromide and chloroform at 100° to 110° C., giving 
1-bromo-3-nitrobenzene in 70 per cent. yield. 

4-Nitrophenylstibinic acid, 


NO,“  -Sb0,.nH,0 


p-Nitroaniline is diazotised in the usual manner and treated with 
antimony trichloride. The double salt, NO,.C,H,.N,CI.SbCl;, is then 
decomposed by suspending it in water and adding a slight excess 
of sodium hydroxide. Addition of hydrochloric acid precipitates the 
stibinie acid, which is filtered off, dried, washed with hydrochloric acid, 
dissolved in alcoholic hydrochloric acid and reprecipitated by water. 
It is a chrome-yellow powder, decomposing at about 300° C.? 

2-Aminophenylstibinic acid, NH,.C,H,.Sb0,.H,O, occurs when 
the corresponding nitro-compound is reduced by ferrous hydroxide or 
by titanous chloride in methyl] alcohol solution.? The acid is a brownish 
powder, darkening above 150° C., and soluble in about 200 parts of 
water. It dissolves in methyl alcohol, warm glycerine, dilute acetic 
acid and sodium hydroxide, the alkali solution giving precipitates with 
most alkaline earth and heavy metals with the exception of zinc and 
magnesium. Aqueous solutions of the acid or its salts decompose on 
standing. The lead salt has the composition C,,H,,O0,N.Sb,Pb.8H,O 
and the barium salt C,H,O0,NSbBa.4H,O. When the acid is treated 
in neutral solution with an excess of acetic anhydride at 0° C., it yields 
an acetyl derivative, which does not melt below 250° C., is sparingly 
soluble in water, and readily soluble in formic acid, dilute acetic acid 
or warm glycerine; it yields the usual soluble alkali and ammonium 
salts.4 

3-Aminophenylstibinic acid, NH,.C,H,.SbO,.nH,O, may be pre- 
pared as follows: (1) m-Aminophenyldichlorostibine hydrochloride is 
suspended in a mixture of ice and water and treated with an excess of 
ammonium hydroxide and the calculated amount of hydrogen peroxide. 
From the resulting solution the stibinic acid is separated by the addition 
of acetic acid, excess of precipitant being avoided or the precipitate 
redissolves.> The stibinic acid is a white powder, darkening at high 
temperatures without melting. It is insoluble in methyl or ethyl 
alcohol, readily soluble in acids and alkalis. It can be diazotised and 
coupled in the usual manner, and with aromatic aldehydes forms 
coloured Schiff’s bases. The acid gives rise to a sulphide and a sulphate, 
and it may be acetylated using the Schétten-Baumann reaction.° 


1 Morgan and Micklethwait, J. Chem. Soc., 1911, 99, 2296; compare German Patent, 
287709. 

2 Charrier, Gazzetia, 1922, 52, ii, 16. 

3 Macallum, Joc. cit. 

4 Breinl and Nicrenstein (Ann. Trop. Medicine and Parasit., 1908-1909, ii, 381) state 
that they prepared 2-aminophenylstibinic acid from o-chloroaniline and magnesium in dry 
ether solution by adding antimonic acid, but such a reaction appears impossible and their 
compound does not correspond with Macallum’s derivative. 

5 Schmidt, loc. cit., p. 226; see German Patent, 270488. 

6 German Patent, 284231. 
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m-Carbamidophenylstibinic acid,’ 


ae 
< __ >-SbO(OH), 


NH.CO.NH, 


m-Aminophenylstibinic acid, 6 grams, in 20 ¢.c. of normal hydrochloric 
acid, is neutralised by sodium hydroxide and treated with 25 c.c. of 
acetic acid followed by a concentrated aqueous solution containing 
2-5 grams of potassium cyanate at 0° C. After an hour the precipi- 
tate is collected, dissolved in sodium hydroxide and reprecipitated by 
hydrochloric acid. Purification is effected by suspending 5-5 grams of 
the crude product in 50 c.c. of concentrated hydrochloric acid at 0° C. 
and after three hours filtering off the yellow crystalline stibinic chloride, 
washing it with hydrochloric acid and hydrolysing it to the stibinic 
acid by water. The product is a white amorphous powder which 
decomposes without melting when heated. The sodiwm salt is a white 
amorphous powder, moderately soluble in: water. 
N-Phenylglycineamide-m-stibinic acid, 


< _>-SbO(OH), 


NH.CH,.CO.NH, 


A solution of 5-2 grams of m-aminophenylstibinic acid and 3-6 grams 
of chloracetamide in 20 c.c. of normal sodium hydroxide is heated at 
90° C. for 90 minutes. Sufficient sodium hydroxide is then added to 
dissolve the precipitate which forms and the solution treated with a 
further 1-5 grams of chloracetamide and heated for another 60 minutes 
to complete the condensation. The clear solution obtained by adding 
the requisite amount of alkali is acidified with acetic acid, the precipi- 
tated stibinic acid dissolved in 15 c.c. of 2N hydrochloric acid, the 
addition of ice-cold hydrochloric acid (15 c.c., density 1-19) then 
resulting in the separation of the crystalline stibinic chloride. This 1s 
quickly filtered off, dissolved in water, the solution made alkaline and 
the free stibinic acid reprecipitated by the addition of acetic acid. 
The acid is a white amorphous powder, readily soluble in dilute alkali 
or excess of dilute mineral acid, but insoluble in dilute acetic acid. 
Sodium nitrite precipitates a gelatinous nitrosamine when added to a 
dilute hydrochloric acid solution of the stibinic acid. The sodiwm salt 
is a white amorphous powder, readily soluble in water. 
N-Phenylglycinemethylamide-m_-stibinic acid, 


< _>-SbO(OH), 


NH.CH,.CO.NH.CH, 


is obtained by a similar method to the foregoing compound. It gives 
a strong odour of methylamine when heated with sodium hydroxide 
solution. The sodiwm salt is a white amorphous powder, completely 
soluble in about half its weight of water. The condensation has also 
been effected using chloroacetethylamide. 

4-Aminophenylstibinic acid, NH,.C,H,.Sb0O,..nH,0.—4-Acetyl- 
aminophenylstibinic acid, 50 parts, is heated for several hours on the 


1 Morgan and Cook, J. Chem. Soc., 1930, p. 737. 
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water-bath with 500 parts of 5 per cent. sodium hydroxide solution, 
until a test portion when largely diluted gives a precipitate with 
dilute hydrochloric acid which immediately dissolves in excess of 
the reagent. The free acid is then precipitated from the solution by 
the addition of dilute acetic acid.1 Saponification of the acetyl de- 
rivative may also be effected by warming with 5N potassium hydroxide 
solution at 90° C. for one hour. The crude acid may be purified by 
treatment with ice-cold hydrochloric acid (density 1:19), when the 
chloride, (NH,.HC1)C,H,.SbCl,, is produced, this subsequently being 
decomposed by the calculated quantity of sodium hydroxide. 

A more recent method of preparation is as follows:? A mixture 
of the calculated amounts of p-aminoacetanilide and antimony trioxide 
in sufficient 15 per cent. hydrochloric acid to dissolve the trioxide is 
diazotised with 15 per cent. sodium nitrite solution. The latter is 
introduced through a capillary tube reaching to the bottom of the 
beaker, the contents of the latter being mechanically stirred. <A yellow 
crystalline molecular compound is formed, filtered off, suspended in 
water, cooled to 3°-5° C., and 10 per cent. sodium hydroxide added 
in small portions, efficient stirring being maintained. If great care is 
not exercised a stiff foam forms and the yield is low. When the vigorous 
evolution of nitrogen ceases, the solution is nearly neutralised, carbon 
dioxide passed in and the resulting precipitate filtered off and dis- 
carded. The filtrate is then acidified with dilute acetic acid, a yellowish- 
white flocculent precipitate separating. This is best removed by centri- 
fuging. It is claimed that by this process and subsequent hydrolysis 
a 35 to 60 per cent. yield of p-aminophenylstibinic acid results.4 

4-Aminophenylstibinic acid is a colourless powder, insoluble in the 
usual organic solvents, readily soluble in dilute sodium hydroxide, 
from which alcohol precipitates the sodium salt. The acid decomposes 
on heating, without melting, but the sodium salt is more stable than 
the free acid. When the salt is warmed with potassium iodide and 
dilute sulphuric acid, p-iodoaniline is formed. The acid condenses 
with aldehydes in the presence of an excess of acetic acid, and diazotisa- 
tion and coupling with f-naphthol in alkaline solution gives a red azo- 
derivative.° The sodium salt is the antimony analogue of “ atoxyl.” 
When urea is added to a warm aqueous solution of the acid and the 
mixture is concentrated, the subsequent addition of alcohol precipitates 
a compound to which the following structure has been assigned: ® 


NH,CONH< = > \-SbO,H.NH, 


The following amine salts of p-aminophenylstibinic acid are also 
known: dimethylamine and trimethylamine salts, ethylamine, diethyl- 
amine and triethylamine salts, propylamine salt, isoamylamine salt and 
allylamine salt. All these salts are soluble in water giving red solutions 
which cloud in a few minutes ; they are insoluble in all organic solvents 


1 German Patent, 270488. 

2 Schmidt, Annalen, 1922, 429, 145. 

% Dunning and Reid, J. Amer. Chem. Soc., 1926, 48, 2959. 

4 Compare American Patent, 1682269. 

5 German Patent, 254421. 

§ Brahmachari, Indian J. Med. Research, 1922, 10, 508; Brahmachari and Das, ibid., 
1924, 12, 423; compare Niyogi, J. Indian Chem. Soc., 1928, 5, 753; compare Balaban, 
J. Chem. Soc., 1930, p. 1685. 
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except glycerine. Three molecules of the acid are combined with one 
molecule of the base. 

4 - Acetylaminophenylstibinic acid, CH,.CO.NH.C,H,.SbO,. 
nH,O0.—Monoacetyl-p-phenylenediamine, 150 grams, in 147 grams of 
sulphuric acid and 1000 grams of water, is cooled and diazotised by add- 
ing a solution of 71 grams of sodium nitrite. The diazotised solution 1s 
added to the calculated amount of sodium antimonite, and when the 
reaction is complete the solution is nearly neutralised by dilute sul- 
‘phuric acid and saturated with carbon dioxide to remove impurities 
and excess alkali. After filtering, sodium chloride is added, when the 
sodium salt of the acid separates. This is freed from sodium chloride 
by dissolving in methyl alcohol and evaporating the solution. The 
sodium salt readily dissolves in water, forming a neutral solution from 
which mineral acids precipitate the free acid.2. The acid is soluble in 
ammonium hydroxide, and alkali hydroxides or carbonates. The acetyl 
group may be removed as already indicated.® | 

The following derivatives have been obtained by applying the Bart- 
Schmidt reaction to the appropriate amino-compounds: sodiwm benzyl- 
benzoate-4-stibinate, -3-stibinate, -2-stibinate and -5’-stibinate.* 

Carbethoxy-p-aminophenylstibinic acid, C,H,OCO.NH.C,H,. 
SbO,.H,O.—The aminostibinic acid in alkaline solution is condensed 
with ethyl chlorocarbonate and the product precipitated by acidification 
with hydrochloric acid.® 

Replacement of the ethyl chlorocarbonate in the foregoing by 
benzene sulphonyl chloride and carrying out the reaction at 60° C. 
yields benzenesulphonyl-p-aminophenylstibinic acid, CgH;.SO,.NH.CgH,. 
SbO,.H,0.° 

When an alkaline solution of the p-aminophenylstibinic acid is 
refluxed for two hours with chloracetamide, N-phenylglycineamide- 
p-stibinic acid results, NH,.CO.CH,.NH.C,H,.Sb0O,.H,0. The product 
is purified by solution in sodium hydroxide and acidification with dilute 
aceticacid. The sodium salt of this acid is analogous to “ tryparsamide.”’ 

Sodium p-aminophenylstibinate and allyl thiocarbamide condense 
in methyl alcohol solution at room temperature in 24 hours. Dilution 
of the solution and acidification yield allylthiocarbamino-p-aminophenyl- 
stibinic acid, C;,H,NH.CS.NH.C,H,.SbO,.H,0, a pale yellow amorphous 
powder, soluble in sodium hydroxide but not in sodium carbonate. 

Salicyl aldehyde and sodium p-aminophenylstibinate in acetic acid 
solution condense to yield 0-ovybenzylidene-p-aminophenylstibinic acid.’ 

The following are obtained from p-aminophenylstibinic acid and the 
appropriate alkyl chloroformate in normal sodium carbonate solution : ° 
Carbomethoay-, carbopropoxy-, carboisopropoxy-, carbobutoxy-, carbo- 
isobutoxy-, carbo-B-chloroethory- and carbo-y-chloropropoaxy- p-amino- 
phenylstibinic acids. The last two are converted by 5 per cent. sodium 
hydroxide at 70° C. into p-B-hydroayethylaminophenylstibinic acid and 
p-y-hydroaypropylaminophenylstibinic acid, respectively. 

1 Niyogi, J. Indian Chem. Soc., 1928, 5, 285. 

2 German Patent, 254421; American Patent, 1260707; English Patent, 16350 (1912). 

3 For complex compounds derived from this acid, see German Patent, 396864. 

4 Niyogi, J. Indian Chem. Soc., 1930, 7, 577. 
5 Brahmachari, loc. cit. 
é Compare German Patent, 284231. 
8 


German Patent, 284231. 
Hamilton and Etzelmiller, J. Amer. Chem. Soc., 1928, 50, 3360. 
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Sodium p-w -sulphomethylaminophenylstibinate, (SO,Na. 
CH,.NH.C,H,.SbO,),H(ONa),! is formed by treating sodium p-amino- 
phenylstibinate in aqueous solution with formaldehyde and sodium 
hydrogen sulphite. Using “ urea stibamine ”’ in the preparation yields 
the carbamide salt of p-w-sulphomethylaminophenylstibinic acid, 1.€. 
(SO,Na.CH,.NH.C,H,.SbO,),H(OCH3,N,.O). When carbamide is 
allowed to react with the appropriate stibinic acid in aqueous solution, 
carbamide p-acetamidophenylstibinate and carbamide p-hydroayphenyl- 
stibinate are isolated. 

4-Hydroxyphenylstibinic acid, HO.C,H,.SbO,.nH,O, is obtained 
_as follows: (1) Antimony trioxide in hydrochloric acid solution is 
allowed to react with diazotised p-aminophenol and the mixture then 
treated with 5N sodium hydroxide. After the product has been pre- 
eipitated by acidification, it is dissolved in cold concentrated hydro- 
ehloric acid and a solution of pyridine in hydrochloric acid added. 
The pyridine double salt of the stibinic chloride is thus precipitated as 
an air-stable yellow substance, M.pt. 176° C. This salt is decomposed 
by cold water, the resulting stibinie acid taken up in sodium hydroxide 
and precipitated by acid.? (2) p-Aminophenol, 109 grams, is dissolved 
in 147 grams of sulphuric acid and 1000 grams of water and diazotised 
by adding a solution containing 71 grams of sodium nitrite. This 
diazo-solution is added to a sodium antimonite solution prepared as 
described under phenylstibinic acid. After completion of the reaction 
the mixture is saturated with carbon dioxide and filtered. The filtrate 
is saturated with sodium chloride and the 4-hydroxyphenylstibinic 
acid precipitated by the addition of dilute sulphuric acid.* 

The acid is a colourless powder darkening when heated, but re- 
maining unmelted at 270° C. It is fairly soluble in methyl alcohol or 
boiling water, sparingly soluble in cold water, the aqueous solution 
giving a violet coloration with ferric chloride. Addition of ammonium 
chloride to an ammoniacal solution of the acid causes precipitation of 
the ammonium salt. Solutions of the acid in hydrochloric acid (density 
1-17) after standing give a test for inorganic antimony when hydrogen 
sulphide is passed through the solution. When an alkaline solution 
of the acid is treated at 60° C. with chloracetic acid, acidification with 
hydrochloric acid after three hours yields carboaymethyleneoeypheng)- 
4-stibinic acid, HO,C.CH,.0.C,H,.SbO,.H,0.4 

3-Nitro-4 -lydroxyphenylstibinic acid, 


HO >-Sb0,.nH,0 
NO, | 
may be obtained by two methods: (1) The 3-nitro-4-chlorophenyl- 
stibinic acid resulting from the nitration of 56 grams of p-chlorophenyl- 
stibinic acid is dissolved in sodium hydroxide solution, reprecipitated 
by hydrochloric acid and filtered off. The precipitate is washed and 
transferred ae moist to a vessel containing 75 c.c. of potassium 
hydroxide (1:1) and the mixture heated for several hours at 90° C. 
The Viet salt is deposited, the liquor being cooled and treated 


* Brahmachari and Gupta, J. Asiatic Soc. Bengal, 1929, 25, 301. 
2 Schmidt, Annalen, 1922, 429, 147. 

3 German Patent, 254421, 

4 Brahmachari, loc. Cit, 
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with alcohol. The salt is purified by solution in water and precipitation 
by alcohol, after which its aqueous solution is treated with mineral acid 
to liberate the free acid. An air-dried specimen obtained by this method 
corresponded to the formula [8(NO,.0H.C,H,.SbO,).2H,O].5H,0.' 
(2) 3-Nitro-4-acetylaminophenylstibinic acid, 35 grams, is heated with 
300 grams of aqueous potassium hydroxide (density 1-30) until ammonia 
ceases to be evolved. Dilute sulphuric acid is then added to precipitate 
the stibinic acid.? 

3-Nitro-4-hydroxyphenylstibinic acid is a brownish-yellow powder 
which does not melt below 230° C. Its solution in methyl alcohol 
gives no precipitate when water is added. It dissolves readily in 
acetic acid, aqueous alkalis and ammonium hydroxide. Warm con- 
centrated hydrochloric acid dissolves it and on cooling 3-nitro-4- 
chlorophenylstibine tetrachloride separates, the addition of ammonium 
chloride causing the deposition of the stable double salt. The potassvum 
salt is a searlet, crystalline powder. 

3-Amino-4-hydroxyphenylstibinic acid, (NH,)(HO)C,H3.SbO.. 
nH poe acid is isolated by reducing the pocresoondine: ee 
compound : ® (1) 3-Nitro-4-hydroxyphenylstibinic acid, 30-8 grams, 
in 160 grams of water and 4 grams of sodium hydroxide, is reduced 
by adding 65 grams of sodium hydrosulphite in 200 c.c. of water con- 
taining 2 grams of sodium hydroxide. The mixture is well cooled, 
and as the red colour disappears the amino-acid separates as a white 
precipitate. The excess of hydrosulphite is removed by passing a 
current of air through the mixture. (2) The amino-acid may also be 
obtained by reducing the nitro-acid in aqueous solution by means of 
sodium amalgam. 

The acid is an unstable white powder which soon darkens even in 
the dry state. When heated it decomposes without melting, and in 
water and the usual solvents it is insoluble, but it dissolves readily in 
alkali, ammonium hydroxide and acids. A sodiwm salt may be precipi- 
tated from the aqueous alkali solution by the addition of alcohol. The 
amino-group is diazotisable and the diazo-compound couples with 
alkaline resorcinol solution and other phenols. 

3-Acetamido-4-hydroxyphenylstibinic acid,* 


Hol oe chou ee 6 0 »>-SbO(OH),-H,0 
fas Pi eae 
NH.CO.CH, H,0.C—N 


The foregoing amino-acid, obtained by the reduction of 16 grams of 
potassium 3-nitro-4- hydroxyphenylstibinate, is suspended in 12 c.c. of 
water and acetylated by the gradual addition of 9 ¢.c. of acetic anhydride. 
A clear solution results and after twenty-four hours several volumes of 
acetone are added, causing the precipitation of a stibinic acid which may 
be represented by one of the above formule. The substance is a white 
amorphous powder, extremely soluble in water, with an acid reaction, 
insoluble in acetone, alcohol or glacial acetic acid, and yielding a 
sodium salt which is readily soluble in water. 


1 Schmidt, Annalen, 1920, 421, 212; German Patent, 262236. 
2 German Patent, 259875. 

3 German Patent, 270488. 

4 Morgan and Cook, J. Chem. Soc., 1930, p. 743. 
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A more recent investigation ! attacks the problem of the prepara- 
tion of this acid in a different way : 8-25 grams of 4-amino-2-acetamido- 
phenol and 11-4 grams of antimony trichloride in 7-5 c.c. of hydrochloric 
acid are added to 45 c.c. of water and 7:5 c.c. of hydrochloric acid, and 
the mixture treated at 0° C. with 3-45 grams of sodium nitrite in 28 c.c. 
of water; after three hours the antimony double salt of the diazo- 
compound is collected and added in small quantities to 150 c.c. of ice- 
cold 2N sodium hydroxide. The mixture is stirred for four hours, 
kept overnight, and filtered and acidified to Congo-red with hydro- 
chloric acid, when about 8-1 grams of the crude stibinic acid are pre- 
cipitated. This is dissolved in 2N ammonium hydroxide, an excess 
of hydrochloric acid added, the solution treated with charcoal, filtered, 
neutralised to Congo-paper with sodium acetate, and poured into a 
large volume of water. The acid separates as a white powder, becoming 
light brown when dried in vacuo. The yield is 1-8 grams. A specimen 
sealed in an ampoule for 34 years was readily soluble in 2N ammonium 
hydroxide, whereas one kept in an ordinary specimen tube was not 
wholly soluble after a similar lapse of time. 

3-Nitro-4-acetylaminophenylstibinic acid, 


CH,.CO.NH-~< »>-SbO,.nH,O0 
NO, 
Anhydrous sodium 4-acetylaminophenylstibinate, 113 grams, prepared 
by prolonged heating of the hydrated salt at 110° C., is dissolved in 
300 grams of glacial acetic acid and the solution cooled to —10° to —2°C. 
To this solution 800 grams of concentrated sulphuric acid are added, 
followed by a mixture of 25-4 grams of nitric acid (density 1-515) and 
100 grams of concentrated sulphuric acid, the temperature being main- 
tained below 0° C. during the operation and the whole efficiently stirred. 
The stirring is continued for several hours and the reaction mixture 
then poured into ice-water. The crude nitro-acid separates and is 
removed, washed with water and dried. It is a yellowish-brown 
powder, readily soluble in alkalis, alkali carbonates and ammonium 
hydroxide, from which solutions it may be reprecipitated by acids. 
When heated it decomposes without melting. 
3-Nitro-4-chlorophenylstibinic acid, 


cl S-Sb0,.nH,0 


NO, 
28 grams of 4-chlorophenylstibinic acid are dissolved in 200 c.c. of con- 
centrated sulphuric acid, keeping the temperature below 25° C. The 
temperature is then maintained below 5° C. whilst a mixture of 4-2 c.c. 
of nitric acid (density 1-515) and 5 c.c. of concentrated sulphuric acid 
is added. After a further hour’s stirring the mixture is poured upon 
ice, when the nitro-acid separates. It is a colourless powder, unchanged 
at 250° C., readily soluble in warm methyl and ethyl alcohols, dilute 
alkalis or hydrochloric acid. Water does not reprecipitate the acid 
from alcoholic solution.? 
1 Balaban, J. Chem. Soc., 1930, p. 1685. 


2 German Patents, 259875, 287709. 
3 Schmidt, Annalen, 1920, 421, 208; compare German Patent, 262236. 
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3-Nitro-4-piperidinophenylstibinic acid,} 


CsHip=N-_>-SbO(OH),.4H1,0 


NO, 

A solution of 3-28 grams of 4-chloro-3-nitrophenylstibinic acid and 5-5 
c.c. of piperidine in 20 ¢.e. of alcohol is boiled for three hours and then 
poured into water. The orange precipitate, 3-5 grams, is dissolved in 
20 c.c. of warm glacial acetic acid and the cooled solution treated with 
20 c.c. of concentrated hydrochloric acid, the stibinic chloride hydro- 
chloride being precipitated. This is a colourless microcrystalline powder, 
decomposing at 185° to 187° C. When suspended for several hours in 
a large volume of water, 3-nitro-4-piperidinophenylstibinic acid hydro- 
chloride separates as an orange amorphous powder. The latter is dis- 
solved in alcohol by the aid of 2N sodium hydroxide and the clear 
solution acidified with acetic acid. The gelatinous precipitate which 
forms is dried and washed with water to remove occluded salts, being 
obtained as an orange amorphous powder, sparingly soluble in excess 
of dilute aqueous alkali. 

3-Amino-4-piperidinophenylstibinic acid, C,H,, =N.C,H3(NH,) 
SbO(OH),.4H,O, occurs when the foregoing nitro-acid is reduced with 
ferrous hydroxide. It is a greyish powder, soluble in very dilute 
mineral acid or alkali, the solutions giving the reactions for primary 
amines. The sodiwm salt has been isolated. 

3-Nitro-4-ethylaminophenylstibinic acid, 


CH, .CH,.NH- \-SbO(OH),.4H,0 
NO, 

is the condensation product of 4-chloro-3-nitrophenylstibinic acid and 
ethylamine in alcohol solution, the reaction being completed in three 
hours at 120° to 180°C. The crude product is converted to the stibinic 
chloride, a buff, microcrystalline powder, having no definite melting- 
point. Hydrolysis of this chloride by water yields the orange stibinic 
acid, which may be further purified through its ammonium salt. 

3-Nutro-4-methylaminophenylstibinic chloride is prepared in the same 
manner as the ethylamino-compound. 

3 : 5-Dichloro-4-acetamidophenylstibinic acid.2—4-Acetamido- 
3 : 5-dichloroaniline (2-5 grams) in 20 c.c. of water and 10 c.c. of hydro- 
chloric acid is diazotised at 0° C. and a further 10 ¢.c. of hydrochloric 
acid added. To the solution are added 2 grams of antimony trioxide in 
20 c.c. of hydrochloric acid. A yellowish-white precipitate separates and 
is left in ice for 30 minutes with occasional stirring. It is filtered 
off, washed with dilute hydrochloric acid and then with water until 
acid-free. The moist mass is then triturated with water, cooled to 
5°—7° C. and 6 grams of sodium hydroxide in water gradually added 
with vigorous stirring, the stirring being continued until evolution of 
nitrogen slackens. The liquid is then filtered and the clear filtrate 
acidified with dilute acetic acid, when the free antimonic acid separates 
as a flocculent precipitate. This is washed with water until free from 
admixed acid, suspended in water and brought into solution by adding 


1 Morgan and Cook, J. Chem. Soc., 1930, p. 737. 
* Niyogi, J. Indian Chem. Soc., 1927, 4, 397. 
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dilute sodium carbonate solution dropwise. The solution is evaporated 
to dryness in a vacuum, the residue extracted with methyl alcohol, 
boiled with charcoal and filtered, the sodium salt of the antimonic acid 
being precipitated from solution by the addition of ether. The dry 
product is a pale red amorphous powder, moderately soluble in water, 
giving a red solution which is neutral to litmus. The free acid may 
be precipitated by acidification with dilute mineral acid. 

The following sodium salts are isolated by the same method and 
have similar properties to those just given: 3: 5-dibromo- and 3: 5-dt- 
_ todo-4-acetamidophenylstibinates, 3-bromo- and 3-iodo0-4-acetamidophenyl- 
stcbinates. 

2 : 4-Dinitrophenylstibinic acid, 


NO-< >-Sb0,.nH,0 
| 
NO, 


occurs when 2: 4-dinitroaniline is diazotised and treated with tartar 
emetic in neutral or slightly acid solution in the usual manner. It is 
a brown powder, exploding when heated.? 

p-Tolylstibinic acid, CH;.C,H,SbO(OH),.—Two solutions, one 
of diazotised p-toluidine (26 grams of base, 37 grams of concentrated 
sulphuric acid, 250 c.c. of water and 18 grams of sodium nitrite) and 
the other of 56-6 grams of antimony trichloride in 15 grams of hydro- 


chloric acid (density 1-16) and 41 c.c. of water to which 150 grams of» 


sodium hydroxide in 750 c.c. of water have been added, are mixed at 
0° C. and treated with copper bronze. The liquid is filtered after two 
days, nearly neutralised with dilute sulphuric acid, again filtered if 
necessary, and acidified with dilute hydrochloric acid. The mixture 
(50 grams) of p-tolylstibinic acid and antimony trioxide thus obtained 
is dissolved in 27 grams of hydrochloric acid (density 1-16) and 98 c.e. 
of water and the boiling solution saturated with solid ammonium 
chloride. The mixture of p-telylstibinic oxychloride and ammonium 
chloride that crystallises on cooling is filtered off and dissolved in 
sodium carbonate solution, the stibinic acid is precipitated by acidifica- 
tion with dilute hydrochloric acid, and crystallised from spirit and 
from ether.? Yield, 8 grams. The acid also occurs when p-tolylstibinic 
tetrachloride is hydrolysed. The product from both methods is a 
white amorphous powder. 

p-Anisylstibinic acid, CH,0.C,H,.SbO,.»H,O.—This acid is ob- 
tained from p-anisidine by the method used for phenylstibinic acid 
from aniline. It has not been analysed. It interacts with an excess 
of hydrochloric acid, yielding a yellow, crystalline, deliquescent chloride, 
which is easily decomposed with elimination of antimony. The acid 
itself is less stable than most stibinic acids. 

p-Phenetylstibinic acid, C,H;0.C,H,SbO,.nH,O, occurs when 
p-phenetidine is diazotised and treated with antimony trioxide in the 
usual manner. By stirring the crude acid with hydrochloric acid con- 
taining ammonium chloride, the double salt of the stibinic chloride with 
ammonium chloride results. This is dissolved in cold methyl alcohol, 


German Patent, 296940. 

Goddard and Yarsley, J. Chem. Soc., 1928, p. 721. 
Hasenbaumer, Ber., 1898, 31, 2914. 

Schmidt, Annalen, 1920, 421, 213. 
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the solution treated with animal charcoal, filtered, and the acid pre- 
cipitated by diluting the filtrate with water. Final purification is 
effected by solution in alkali and reprecipitation by acid.! The acid 
is a colourless powder, having an odour resembling that of phenetole. 
It darkens on being heated, but remains unmelted at 270° C. In 
mixtures of chloroform with alcohols, aleohol-benzene or acetic acid, it 
is readily soluble, but is not completely soluble in methyl alcohol or 
chloroform by itself. Hydrochloric acid converts the acid into a 
stibinic chloride which is unstable and resembles the foregoing anisyl 
compound. 

Mono-biphenylstibinic acid,? C,H,;.C,H,.SbO(OH),, obtained by 
treating the tetrachloride with water, is a white powder, decomposing 
above 800° C. The tetrachloride required for this preparation is formed 
by the action of chlorine on a chloroform solution of the dichloride. 


The following stibinic acids * are obtained from the corresponding 
amines by the method of Dunning and Reid,* described under 4- 
aminophenylstibinic acid, p. 230: p-carboxymethylphenyl-, p-carbeth- 
oxyphenyl-, p-carbethoxyaminophenyl-, acetophenone-4-,  a-naphthyl-, 
4-aminodiphenyl-4'-, 4-carbethoxyaminodiphenyl-4'-, 4-aminodiphenyl- 
methane-4’-,  2-nitro-4-methoryphenyl-, 2-acetamido-5-methoxyphenyl-, 
2-acetamido-4-methoayphenyl-, 1: 4-phenylenedi-, and 4: 4'-diphenyl- 
methanedi- stibinic acids. These products form buff powders, with the 
exception of acetophenone-4-stibinic acid, which is deep red. 


When mixed aliphatic-aromatic antimony compounds containing 
carbonyl groups at non-cyclic bonds are treated with hydrazine or its 
derivatives, especially semicarbazide, or with other reactive amino- 
compounds, hydrazone products result.> Thus, an aqueous solution of 
p-acetophenonestibinic acid containing sodium hydroxide, on adding 
to semicarbazide hydrochloride, warming on a water-bath, filtering, 
and acidifying the clear filtrate with hydrochloric acid, precipitates the 
colourless hydrazone product, which is purified by solution in sodium 
carbonate and reprecipitation with acid. The substance thus isolated 
melts at 350° C. An alcoholic solution of 1-hydroxy-2-acetophenone- 
4-stibinic acid may be treated in a similar manner. 

It is stated ® that arylstibinic acids such as the phenyl-, p-chloro- 
phenyl- and m-chloro-p-acetamidophenyl- acids, obtained by treating 
the appropriate diazotised amino-compound with antimony oxide, may 
be isolated in greatly improved yields by the presence of glycerol or 
other polyhydric alcohols. These substances inhibit the formation of 
by-products and the required acid is more readily isolated. Water- 
soluble derivatives of amino- or aminohydroxy- arylstibinic acids or 
their oxides may be formed by treating such derivatives with aldoses 
or ketoses;? the condensation is effected by heating the components 
in aqueous solution at 50° to 55° C. with the addition, if necessary, of a 
little sodium hydroxide. Examples given are the condensation of 
galactose with m-aminophenylstibinic acid and of lactose with 
m-aminophenylstibinous oxide. 

1 Schmidt, Annalen, 1922, 429, 148; Fargher and Gray, J. Pharm. and Exper. 
Therap., 1921, 18, 354. 2 Worrall, J. Amer. Chem. Soc., 1930, 52, 2046. 

3 Riddell and Basterfield, Trans. Roy. Soc. Canada, 1929, [iii], 23, II, 45. 


4 Dunning and Reid, J. Amer. Chem. Soc., 1926, 48, 2959. 
5 German Patent, 469327. ® English Patent, 244746 (1925). 7 German Patent, 433105. 
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SECONDARY ARYL STIBINIC ACIDS. 


These acids are obtained by the following general methods :— 
(1) Diarylstibinic chlorides are subjected to hydrolysis : 


R,SbCl —> R,SbCl, —> R,SbO(OH) 


(2) Triarylstibines are subjected to oxidation, using hydrogen 
peroxide in the presence of alkali, which causes “ dearylation ” of the 
tertiary stibine : 


NaOH 
R,Sb ——> R,SbO(ONa) + RH 


(3) By the diazo reaction, the antimony oxide used in the prepara- 
tion of the primary acids now being replaced by an arylstibinoxide : * 


ay 
RN: NX+ ShO 


R 
ns +2KOH —— RN: N.O.SbC + KX +H,O 


OK 
R R 
RNE NOS | Seah Oran 
\oK NO 


Obviously the foregoing scheme may be used for preparing symmetrical 
or unsymmetrical stibinic acids according as whether the aryl radical 
of the diazo-compound is the same or different from the aryl group of 
the arylstibinoxide. 

All the diarylstibinic acids are solids, and their method of prepara- 
tion has an influence upon their solubility, e.g. the hydrolysis of di- 
phenylstibinic chloride by ammonium hydroxide yields an acid which 
is insoluble in ammonium hydroxide or sodium carbonate, but dissolves 
in sodium hydroxide, whilst solution of the chloride in sodium hydroxide 
gives a stibinic acid on acidification with acetic acid which dissolves 


in all the foregoing alkalis. The secondary acids also differ from the , 


primary acids in their action towards hydrochloric acid and ammonium 
chloride; diphenylstibinic acid is insoluble in concentrated hydro- 
chloric acid, and in hot dilute hydrochloric acid its solutions do not 
give a double salt with ammonium chloride, but pyridine hydrochloride 
precipitates diphenylstibinic chloride as a double salt. Nitration of 
the secondary stibinic acids yields nitro-acids containing the nitro- 
group in the meta-position to the antimony. Reduction of the secondary 
acids yields stibinoxides. Mercuric chloride converts diphenylstibinic 
acid in methyl alcohol-hydrogen chloride solution into phenylmercuric 
chloride and antimony trichloride. 
Diphenylstibinic acid, (C,H,;),SbO.OH, may be isolated in several 
ways: (1) Aniline, 9-3 grams, in 60 ¢c.c. of 5N hydrochloric acid, is 
diazotised, ice added, and a solution of 21 grams of phenylstibinous 
oxide in a small bulk of acetic acid run in. The solution is then made 
alkaline, when nitrogen is evolved. When the action has ceased the 
whole is filtered and acidified, the stibinic acid separating out. The 


acid is purified by solution in alkali and reprecipitation by sulphuric » 


acid. If further purification is necessary the acid is dissolved in hot 
dilute hydrochloric acid, when the chloride is formed, (C,H;),SbCl,.H,O. 


1 Compare the corresponding arsenical compounds, this Volume, Part II, p. 154. 
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This is dissolved in spirit by the aid of a little hydrochloric acid and the 
solution poured into dilute sodium hydroxide, addition of acetic acid 
then causing separation of the stibinic acid as a voluminous precipitate. 1! 
(2) 8 grams of triphenylstibine in acetone solution are added slowly to 
a hot mixture consisting of 150 c.c. of water, 50 c.c. of 5N sodium 
hydroxide and 60 c.c. of 3 per cent. hydrogen peroxide, the mixture 
being stirred during the operation. After filtering, the diphenylstibinic 
acid is precipitated by dilute sulphuric acid and purified as follows : 
After collecting the product it is boiled whilst moist with 5N hydrochloric 
acid and precipitated as the pyridine double salt by adding pyridine hydro- 
chloride (25 c.c. of pyridine in 100 e.c. of hydrochloric acid, density 1-19). 
This salt is dissolved in boiling 5N hydrochloric acid and, on cooling, 
crystals of diphenylstibine trichloride, (C,H;),SbCl,.H,O, M.pt. 175° C., 
are obtained. This is recrystallised from benzene and converted into 
the acid as already described. (8) Diphenylchlorostibine is converted 
into the stibinic chloride, which is then hydrolysed by alkali.” 

Diphenylstibinic acid is a light powder, M.pt. 285° C. From acetic 
acid it crystallises in shining crystals, insoluble in concentrated hydro- 
chloric acid, soluble in hot dilute hydrochloric acid. Its behaviour 
towards alkalis depends upon its method of preparation. If obtained 
by method (1), it is insoluble in dilute alkali. Alcoholic solutions of 
the trichloride yield with dilute ammonium hydroxide a granular 
precipitate of diphenylstibinic acid insoluble in sodium carbonate or 
ammonium hydroxide. The stibinic acid which separates when an 
aqueous sodium hydroxide solution of the trichloride is treated with 
acetic acid is readily soluble in both the foregoing solvents. Moreover, 
the product obtained by chloride hydrolysis in the form of an alkaline 
solution, if made just slightly alkaline to phenolphthalein by addition 
of sulphuric acid, gradually regains its alkalinity on standing. By 
repeating this process many times a diphenylstibinic acid results which 
is soluble in sodium hydroxide or carbonate, and ammonium hydroxide. 

2: 2'-Dichlorodiphenylstibinic acid, (Cl.C,H,),SbO.OH, occurs | 
when o-chlorobenzene diazonium chloride is treated with antimony 
trioxide.? It is purified by conversion to the chloride, M.pt. 105° to 
110° C., the latter being dissolved in alcohol, dilution of the solution 
with water yielding the acid. The product is sparingly soluble in 
alkalis ; with potassium iodide and dilute sulphuric acid it gives an 
oil, which is probably o0-iodochlorobenzene. 

3-Aminodiphenylstibinic acid, 


g __ >-spowom—< > 


NH, 
Aniline, 9-3 parts, in 650 parts of hydrochloric acid (density 1-085) and 
400 parts of water, is diazotised with 71 parts of sodium nitrite. The 
diazo-solution is then mixed with an ice-cold solution prepared by 
dissolving 320 parts of 3-aminophenyldichlorostibine hydrochloride in 
1500 parts of water containing 280 parts of sodium hydroxide. A 
vigorous evolution of nitrogen occurs, and when the reaction is complete 


1 Schmidt, Annalen, 1922, 429, 141, 236; German Patent, 394795. 

2 Michaelis and Reese, Annalen, 1886, 233, 59; Michaelis and Ginther, Ber., 1911, 44, 
2319; Morgan and Micklethwait, 7'’rans. Chem. Soc., 1911, 99, 2296. 

3 Macallum, J. Soc. Chem. Ind., 1923, 42, 469 T. 
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the stibinic acid is precipitated by adding acetic acid. The crude 
product is purified by converting it to the hydrochloride by means of 
eoncentrated hydrochloric acid. The hydrochloride, which gradually 
darkens above 200° C., is washed with 5N hydrochloric acid and dried. 
The product is now treated with ether until its colour no longer changes, 
then dissolved in dilute sodium hydroxide. The solution is faintly 
acidified, filtered, and treated with sodium acetate to precipitate the 
stibinic acid.1 The acid is a powder which soon becomes pale red ;_ it 
sinters when heated to about 200° C., dissolves in dilute alkali, methyl! 
and ethyl alcohols or chloroform, but is insoluble in ether or benzene. 
3 : 3’-Dinitrodiphenylstibinic acid, 


Ore 


When diphenylstibinic chloride in alcoholic solution is treated with 
silver nitrate it yields diphenylstibinic basic nitrate. The latter is 
added to nitric acid (density 1-5) mixed with four volumes of concen- 
trated sulphuric acid, and the temperature maintained at 40° C. and — 
finally at 55° C. The crude stibinic acid is precipitated by mixing the 
reaction product with ice-water. The resulting substance is collected, 
dissolved in normal sodium hydroxide solution, reprecipitated by 
acidification with acetic or hydrochloric acid, and recrystallised from 
glacial acetic acid. It separates in radiating clusters of flattened 
needles, decomposing indefinitely at 212° C., insoluble in water, alcohol 
or benzene, but yielding orange-yellow solutions in alkalis.2~ Other 
salts of the metals are only sparingly soluble. When heated at 130° 
to 160° C. with bromine or phosphorus pentabromide the stibinic acid 
is converted into 1-bromo-3-nitrobenzene. 

3 : 3’-Diaminodiphenylstibinic acid, (NH,.C,H,),Sb0.0H.4H,O. 
—3 : 3’-Diaminodiphenylstibinoxide in hydrochloric acid solution is 
precipitated by ammonium hydroxide and the suspension treated with 
hydrogen peroxide until a clear solution is obtained. The stibinic acid, 
formed as the oxidation product, is precipitated by acetic acid. The 
acid may be purified by conversion to the stebinic chloride hydrochloride, 
which is transformed into the acid by the action of sodium acetate on 
its aqueous solution.? 3: 3’-Diaminodiphenylstibinic acid is a grey 
powder, sparingly soluble in alcohol, soluble in warm spirit or warm 
acetic acid. From its solution in sulphurie acid alcohol precipitates 
the sulphate. 

4: 4’-Diacetylaminodiphenylstibinic acid, (CH,.CO.NH.C,H,), 
SbO.0H.3H,O, may be obtained in two ways: (1) 4: 4’-Diacetyl- 
aminodiphenylstibinoxide, 14 grams, is dissolved in 120 c.c. of methyl 
alcohol and oxidised by the addition of 50 c.c. of a 8 per cent. hydrogen 
peroxide solution. The stibinic acid separates out as the reaction 
proceeds. (2) 2 grams of tri-p-acetylaminotriphenylstibine are dis- 
solved in a mixture containing 6 c.c. of 2N sodium hydroxide, 30 c.e. 
of methyl alcohol and 6 c.c. of 3 per cent. hydrogen peroxide. After 
filtration, the stibinic acid is precipitated by passing in carbon dioxide. 


1 German Patent, 269205; Schmidt, loc. cit. 

2 Morgan and Micklethwait, Trans. Chem. Soc., 1911, 99, 2286. 
3 Schmidt, Annalen, 1922, 429, 241. 

4 Ibid., p. 138. 
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The acid is a colourless powder, melting at about 235° C., slowly soluble 
in dilute aqueous sodium hydroxide, from which solution it may be 
reprecipitated by dilute sulphuric or nitric acid, but it is soluble in 
excess of the precipitant. Hydrochloric acid precipitates the chloride 
from all solutions, and when the acid is boiled with glacial acetic acid 
the acetate, melting at about 205° C., separates out on cooling. 
Phenyl-m-phenylenestibinic acid, 


HO oe Bok = fe 


“eet ne SN 5 aap ‘ se PS ples Lan 


Six parts of 3-aminodiphenylstibinoxide are dissolved in a little methyl 
alcohol by the aid of 21-7 parts of hydrochloric acid (density 1-084), 
and after dilution with water a solution containing 1-42 parts of sodium 
nitrite is added. The diazo-solution is then neutralised with sodium 
hydroxide, when nitrogen is evolved. After completion of the reaction 
the stibinic acid is precipitated by acidification. The crude acid is 
collected, dissolved in warm alcoholic hydrochloric acid, reprecipitated 
by water and extracted with ether. The ether solution is shaken with 
dilute sodium hydroxide solution, and then separated and treated with 
ammonium chloride, when the stibinie acid is precipitated. In the 
dried condition the acid is a pale brown powder, decomposing when 
heated, without any definite melting-point ; it is only sparingly soluble 
in alkali, but readily soluble in warm acetic acid. 
Chloro-m-phenylenestibinic acid, 


3-Amino-4-chlorophenylstibinous chloride, 32 parts, is dissolved in 
400 parts of water containing 133 parts of hydrochloric acid (density 
1-084) and diazotised by 7-3 parts of sodium nitrite, when a sparingly 
soluble diazo-compound separates. Ice is added and the liquor well 
stirred whilst 200 parts of sodium hydroxide (density 1-19) are run in, 
A violent evolution of nitrogen takes place and when the reaction has 
subsided the mixture is filtered and the acid precipitated by acidification 
with hydrochloric acid. The acid is collected, dried, and dissolved in 
warm alcoholic hydrochloric acid containing animal charcoal, from 
which solution, after cooling, the acid is reprecipitated by dilution with 
water. Final purification is effected by solution in alkali and repre- 
cipitation by acid. The acid thus obtained is a brown powder, which 
does not recuce Tollen’s silver solution, and is only slowly soluble in 
cold caustic alkali, more readily soluble on warming; in most organic 
solvents itisinsoluble. The acid decomposes without melting on heating.” 


1 German Patent, 269205. The dimeric formula given is based on the dimeric formula 
given in this patent for chloro-m-phenylenestibinic acid, 

2 German Patent, 269205. 

VOL, XI, :; Il, 16 
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Benzidine yields 4-hydroxydiphenylstibinic acid and not the 
distibinic acid when diazotised p-aminophenylstibinic acid is coupled 
with it.+ 

Di-p-tolylstibinic acid, 


CH,-< S—SroioH)—<_»>-CH, 


This acid may be prepared by two methods: ? (1) Tri-p-tolylstibine, 
9 grams, is suspended in 150 c.c. of methyl alcohol and mixed with 
another 30 ¢c.c. of methyl alcohol which has previously been saturated 
with hydrogen chloride. The mixture, through which a current of 
carbon dioxide is passed, is boiled on the water-bath, and after about 
15 minutes a clear solution results. After boiling for 14 hours the 
liquid is cooled and made distinctly alkaline with dilute aqueous sodium 
hydroxide. The white precipitate which separates is removed as a 
suspension in ether and added to the solid obtained from the aqueous 
layer by precipitation with acetic acid. The product is recrystallised 
from alcohol. (2) A solution of 6 grams of tri-p-tolylstibine in acetone 
is gradually added to a boiling mixture of 113 c.c. of water, 37 c.c. of 
5N sodium hydroxide and 22-5 c.c. of 6 per cent. hydrogen peroxide. 
The solution, filtered from a slight precipitate, is treated with dilute 
sulphuric acid and the voluminous white precipitate obtained is partly 
dried, washed with warm alcohol, and recrystallised from benzene. 
The acid is a white amorphous product, sintering at 230° C. and melting 
at 260° C. It is slightly soluble in hot or cold alcohol or cold benzene 
and readily soluble in hot benzene. 

3:3':5:5’-Tetrachloro-4 : 4’-dimethoxydiphenylstibinic acid, 


Cl 
| 

CH,O-C > [800.08 
Cl 


2 


This acid occurs when the corresponding stibinic chloride is hydrolysed. 
It is a white amorphous powder, melting with decomposition at 228° 
to 229° C. In the usual solvents it is insoluble, but it slowly dissolves 
in warm dilute sodium hydroxide. Alcoholic hydrochloric acid re- 
converts it into the chloride.® 

Di-biphenylstibinic acid, 


K ne >- |sb0.0H 
is a white amorphous powder, isolated from the trichloride by the 


action of alcoholic ammonia. It softens above 201° C. and melts with 
decomposition at 204° to 205° C. 


Riddell and Basterfield, Trans. Roy. Soc. Canada, 1929, [iii], 23, III, 45. 
* Goddard and Yarsley, J. Chem. Soc., 1928, p. 721. 

3 Léloff, Ber., 1897, 30, 2840. 

* Worrall, J. Amer. Chem. Soc., 1930, 52, 2046, 
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STIBINO-COMPOUNDS. 
The stibino-compounds may be obtained as follows :— 
(1) By reduction of the corresponding stibinic acids : 


2RSbO(OH), +4H,—> RSb =SbR +6H,O 
(2) By reducing stibinoxides or dichlorostibines : 


2RSbO + 2H, —> RSbh=SbR +2H,0 
2RSbCl, +2H, —> RSb =SbR + 4HCl 


The products thus obtained readily undergo oxidation, concentrated 
nitric acid causing them to explode. Since mineral acids cause the 
bases to undergo decomposition, it 1s necessary in the case of aryl- 
dichlorostibines that an excess of alkali hypophosphite be present 
to counteract the effect of the free acid formed. The compounds 
RSb =SbR are dark solids, dissolving in acids giving unstable solutions. 

A number of interesting compounds are also known which possess 
the grouping —As=Sb—. The compounds RSb=SbR’ tend to be 
yellow, but substitution of arsenic for one of the antimony atoms, 
RAs =SbR’, produces orange to yellowish-brown derivatives. 


Stibinobenzene, 
€ Ns i} ye S 
S Sb =Sb—< 


Two methods may be used for isolating this derivative: (1) 4 grams of 
phenylstibinoxide in 80 c.c. of acetic acid and 80 c.c. of acetone are 
treated with 12 grams of sodium hypophosphite in 15 c.c. of acetic 
acid at 65° C. After 2 to 3 hours the brown precipitate which is formed 
is washed with methyl alcohol to remove acetic acid and immediately 
dried in a vacuum desiccator.! (2) To a solution of 5 parts of phenyl- 
stibinic acid in the calculated quantity of dilute sodium hydroxide 
10 parts of sodium hydrosulphite in aqueous solution are added with 
stirring. The mixture is then warmed at 30° C. for several hours, the 
stibino-compound separating as a yellow precipitate, which finally 
becomes brown. The product is collected, dried, and freed from im- 
purities by boiling with a mixture of equal parts of benzene and alcohol 
and a little copper powder for several hours. The mixture is then 
filtered and the solvents distilled off, the stibino-compound being 
obtained as a pale yellow powder.? 

Stibinobenzene darkens and sinters at about 160° C., finally yielding 
a black mass. It is insoluble in water, but dissolves in glacial acetic 
acid and may be recrystallised from chloroform. Oxidation readily takes 
place in air, fuming nitric acid oxidises the compound explosively, and 
hydrogen peroxide in acetic acid solution converts it into phenylstibinic 
acid. 

3: 3’-Diaminostibinobenzene, 


Ae Ms ra N 
>Sb=sb< > 
NH, NH 


1 Schmidt, Annalen, 1920, 421, 22), 
2 German Patent, 268451. 
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Three processes have been evolved for the preparation of this compound : 
(1) 3-Aminophenyldichlorostibine hydrochloride, 3-2 grams, is made 
into a paste with 10 c.c. of water and treated with a solution of 10 grams 
of sodium hypophosphite in 25 c.c. of water and 10 c.c. of hypophos- 
phorous acid (density 1-15), the operation being conducted at a tem- 
perature of 50° C. in an atmosphere of carbon dioxide. When the 
reaction is complete the solution is cooled, a salt of the base separating 
out. This is dissolved by the addition of water and the solution poured 
into dilute soda solution, when dark brown flocks of the base are pre- 
cipitated.!. (2) 8-Aminophenyldichlorostibine hydrochloride, 128 parts, 
is dissolved in 2000 parts of water containing 64 parts of sodium 
hydroxide. To the solution is added a filtered solution prepared from 
100 parts of sodium hydrosulphite and 50 parts of magnesium chloride 
in 1000 parts of water and 100 parts of 10 per cent. sodium hydroxide 
solution. After a short time a yellow precipitate commences to 
separate, the rate of deposition being increased if the solution be warmed. 
After several hours the thick orange-yellow paste is filtered off and 
washed successively with water, dilute sodium hydroxide solution, 
then water again, and dried. (8) 38-Aminophenyldichlorostibine 
hydrochloride, 32 parts, in 1000 parts of water, is treated with a 
saturated solution of 70 parts of sodium hypophosphite. An excess 
of hypophosphite is used to counteract the tendency of the mineral 
acid produced to decompose the base. The mixture is rapidly heated 
to about 100° C., and poured into ammoniacal ice-water, when the 
stibino-compound is precipitated. The reduction may also be effected 
in methyl! alcohol solution. 

3 : 3’-Diaminostibinobenzene is a dark brown powder, sintering 
above 120° C. and forming a black mass. It dissolves rapidly in hydro- 
chloric acid, excess of which precipitates a light brown dihydrochloride. 
Solutions in glacial acetic acid soon become brown. With sulphuric 
acid a sulphate is produced. If an hydrochloric acid solution of the 
base be allowed to stand, decomposition gradually takes place, metallic 
antimony separating out. The base rapidly oxidises in air and explodes 
when treated with nitric acid (density 1:49). Solutions in tartaric 
acid may be reprecipitated by alcohol, this affording a method for 
purifying the base. The base is converted by acetic anhydride into 
3: 3'-diacetamidostibinobenzene, a yellow powder, insoluble in water 
and organic solvents.® 

4 : 4’-Diaminostibinobenzene,* 


NH,< Sb a sb NH, 


is obtained by reducing 4-nitrophenylstibinic acid with sodium hypo- 
sulphite. 


1-Stibinonaphthalene is similarly obtained from a-naphthylstibinic 
acid. 
4; 4’-Carboxymethylstibinobenzene has been isolated only in an impure 
state. 


1 Schmidt, loc. cit. 

2 German Patent, 268451. 

3 German Patent, 284231. 

4 Riddell and Basterfield, Trans. Roy. Soc. Canada, 1929, [iii], 23, III, 45. 
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a: 3'-Diamino-4 : 4’-dihydroxystibinobenzene, 


This compound is the analogue of “salvarsan”? and is prepared as 
follows: (1) 8-Amino-4-hydroxyphenyldichlorostibine hydrochloride, 
2-2 grams, is treated with 4 c.c. of acetic acid and 7 c.c. of water, 
followed by a solution of 6-6 grams of sodium hypophosphite in 18 c.c. 
of water and 6-6 c.c. of hypophosphorous acid (density 1:15). The 
mixture is rapidly filtered and warmed at 30° C. for 45 minutes, the 
operation being conducted in an atmosphere of carbon dioxide. A 
red solid separates, and after several hours cooling in ice, the product 
is filtered off and dried. The substance obtained is a phosphite or 
hypophosphite of the base, and when dissolved in alkali or ammonium 
hydroxide is decomposed on the addition of ammonium chloride with 
liberation of the free base. The product thus obtained is washed and 
dried 7m vacuo.1 (2) 3-Nitro-4-hydroxyphenylstibinic acid is dissolved 
in the solution from 6 parts of sodium hydroxide in 500 parts of water 
and mixed with a solution containing 200 parts of anhydrous sodium 
hydrosulphite in 400 parts of water containing 17 parts of sodium 
hydroxide. The red solution obtained slowly decolorises and a pre- 
cipitate separates which redissolves on the addition of more sodium 
hydroxide. The liquid is now heated at 40° C. for several hours, when 
3 : 3’-diamino-4 : 4’-dihydroxystibinobenzene commences to separate as 
a reddish-brown precipitate. When no further deposition is observed, 
the solid is filtered off and washed in the absence of air. 

The stibino-compound is a dark brown powder, very readily oxidised 
and exploding when treated with nitric acid (density 1:49). It is 
soluble in dilute sodium hydroxide or acids, the solutions being unstable. 
The dihydrochloride is precipitated from a solution in dilute hydro- 
chloric acid by adding concentrated hydrochloric acid, and sulphates 
precipitate an acid sulphate from solutions of the hydrochloride. 
Alkaline hydrogen peroxide converts the stibino-compound into 
3-amino-4-hydroxyphenylstibinic acid. The hydroxyl-group is detected 
by means of ferric chloride, and the amino-group by diazotisation and 
coupling. The base is also readily acetylated, and it condenses with 
aldehydes. 

3: 3’-Diamino-4-hydroxyarsenostibinobenzene,? 


ne ae Ss 
HO- As =Sb- 
en a 
NH, NH, 

This derivative is formed by condensing 3-amino-4-hydroxyphenyl- 
arsine with 3-aminophenylstibinous oxide. It is a brown powder, 
insoluble in water, soluble in aqueous sodium hydroxide, giving a 
brownish-red solution in which oxidising agents cause scission of the 
molecule. Hydrogen chloride reacts to form a dihydrochloride. 

4’-Chloro-3’-amino-4-hydroxyarsenostibinobenzene, 


HO-< As = Sb Cl 


NH, 
1 Schmidt, Annalen, 1920, 421, 151. 2 German Patent, 396697. 
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is the condensation product of 3-amino-4-chlorophenylstibinous oxide 

and 4-hydroxyphenylarsine. It forms a reddish-brown mass, which gives 

a hydrochloride as an orange-yellow powder, fairly stable in air. 
3-Amino-4’-acetamido-4-hydroxyarsenostibinobenzene, 


HO-< \-As =Sb-< \-NH.CO.CH, 
NH, 


from 3-amino-4-hydroxyphenylarsine and 4-acetamidophenylstibinous 
oxide, is a brown powder, soluble in dilute acid or alkali. 


3-Amino-4-hydroxyphenylarsine also reacts with potassium anti- 
mony] tartrate in aqueous alkali solution to form a dark brown arsenic- 
antimony compound, soluble in acid or alkali.1 This body yields a 
N-hydroxybenzylidene derivative when shaken with salicyl aldehyde. 

4-Hydroxyphenylarsine in aqueous sodium hydroxide reacts with 
an alkaline antimony solution, prepared from antimony trichloride with 
the addition of glycerol, to form a dark brown arsenostibino-compound, 
soluble in dilute alkali, insoluble in dilute acid. 

4’-Chloro-3 : 3’-diamino-4-hydroxyarsenostibinobenzene, 


HOX es = aly a 


NH, NH, 


is the condensation product of 3-amino-4-hydroxyphenylarsine and 
3-amino-4-chlorophenylstibinous chloride in dilute aqueous hydro- 
chloric acid solution.” 

3 : 3’-Diamino-4 : 4’-dihydroxyarsenostibinobenzene,’ 


HOX As =8b-< Aor 


NH, NH, 
This compound is of interest since it resembles “ salvarsan ”’ in structure, 
the difference being that one arsenic atom is here replaced by antimony. 
Two solutions are prepared to isolate this compound. |The first con- 
sists of 12-8 grams of 3-nitro-4-hydroxyphenylarsinic acid in 300 c.c. 
of water and 8-5 c.c. of 40 per cent. sodium hydroxide, heated to 45° C. 
The second solution is similar to the first, but 15 grams of 3-nitro-4- 
hydroxyphenylstibinic acid replace the arsinic acid. These solutions 
are simultaneously added to 300 grams of sodium hydrosulphite in 
1700 c.c. of cold water, the mixture being stirred during the operation. 
The temperature is gradually raised to 68° C., when the base separates 
out and after 1-5 hours is filtered off in an inert atmosphere, washed 
with water and finally with methyl alcohol. The base when dry is 
insoluble in neutral solvents. The dihydrochloride is prepared by sus- 
pending the base in methyl alcohol and adding 12 c¢.c. of a 29 per cent. 
solution of methyl alcoholic hydrogen chloride. The solution after filtra- 
tion is poured into dry ether or concentrated hydrochloric acid, when 
the salt separates. It is a brownish-yellow amorphous powder, soluble 
in water, the solution having an acid reaction. Sodium hydroxide 


1 German Patent, 397275. 
2 Schmidt, Annalen, 1920, 421, 232. 
3 American Patent, 1422294, 
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reprecipitates the base, which is soluble in excess of precipitant. The 
sodium sulphoaylate derwative of the base, 


ee z >on 
NH, 


NH.CH,0.SONa 


is formed by dissolving 1:9 grams of the dihydrochloride in 6 c.c. of 
methyl alcohol and adding 2 c.c. of a 37-5 per cent. solution of sodium 
sulphoxylate. The mixture is neutralised with sodium carbonate, 
filtered and poured into 400 c.c. of anhydrous alcohol-ether (1:1). 
The precipitated product is dried in vacuo. It is obviously impossible 
to ascertain in which amino-group the substitution has occurred. 
4’-Acetamidophenylstibinoarseno-4-phenylglycine,! 


HO..CH,NH<.. )-As= Sb< _»>-NH.CO.CH, 


This derivative results when 14 grams of phenylglycine-p-arsinic acid 
in 200 e.c. of water and 100 c.c. of normal sodium hydroxide solution 
are mixed with 15-2 grams of 4-acetamidophenylstibinic acid in 300 c.c. 
of water and 50 c.c. of sodium hydroxide, and the whole reduced with 
sodium hydrosulphite. The product is brownish-black, soluble in 
aqueous alkalis or aqueous pyridine, but insoluble in water, alcohol 
or acetone. 
4-Hydroxyphenylarsenostibinobenzene,? 


- Bape ae 
Phenylstibinoxide, 2-13 grams, is dissolved in 100 c.c. of hot acetic acid 
and a methyl] alcohol solution of 1-7 grams of 4-hydroxyphenylarsine 
added. After boiling for a short time the solution is poured into ether, 
the required compound being precipitated as a brown powder, soluble 


in alkalis. 
4: 4’-Dihydroxystibinoarsenobenzene,? 


HO-< —>-As=Sb-C ‘OH 


Solutions containing, respectively, 12 grams of sodium 4-hydroxy- 
phenylarsinate in 240 c.c. of water and 13-2 grams of 4-hydroxy- 
phenylstibinic acid in 380 c.c. of water and 50 c.c. of normal sodium 
hydroxide, are mixed together and diluted with 1250 c.c. of water. 
To this solution 250 grams of sodium hydrosulphite are added and the 
whole stirred until no further precipitate separates, the operation being 
completed in about two hours. The product is then filtered off, washed 
with water and dried in a vacuum. It is a brownish-black powder, 
insoluble in water, soluble in alcohols, acetone, pyridine and aqueous 
sodium hydroxide. 
3-Amino-4-hydroxyphenylarsenostibinobenzene,* 


HO< —-As =Sr<  » 
NH, 
1 German Patent, 270255. 2 German Patent, 269744. % German Patent, 270255. 


4 German Patents, 269743, 270255, 270259; Ehrlich and Karrer, Ber., 1913, 46, 
3564. 
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This derivative may be prepared by either of the following methods : 
(1) 3-Amino-4-hydroxyphenylarsine, 1:9 grams, is dissolved in 80 c.c. 
of methyl alcohol and about 1 c.c. of 10N alcoholic hydrochlorie acid 
added, oxygen being excluded. To the solution 2-7 grams of pheny]l- 
dichlorostibine in methyl alcohol are added, and 500 c.c. of ether stirred 
into the mixture. The hydrochloride of the required base separates 
out as a brown amorphous powder, which is washed with ether and 
dried in vacuo. (2) 10 grams of 3-amino-4-hydroxyphenylarsenoxide . 
in 60 c.c. of methyl alcohol, 200 c.c. of water and 50 e.c. of normal 
sodium hydroxide solution are mixed with 12-3 grams of phenylstibinic 
acid in 800 c.c. of water and 50 ¢.c. of normal sodium hydroxide. The 
mixture is then treated with 200 grams of sodium hydrosulphite and 
40 grams of magnesium chloride in 1000 c.c. of water and the whole 
stirred at room temperature until a test portion remains clear on 
warming. The precipitate is filtered off, washed with water and dried 
in vacuo, the yield being quantitative. The product is a brownish- 
yellow powder, readily soluble in pyridine, aqueous alkalis and methyl 
alcohol. ‘The hydrochloride yields a yellowish-brown addition product 
with gold chloride, and a brownish-green compound with osmium 
chloride, these being soluble in water but insoluble in ether. 

3 - Amino - 4 - hydroxyphenylarseno - 4’ - acetamidostibino - 
benzene hydrochloride,! 


Fo Daas =8b-< S-NH.CO.CH, 
oe 


NH,.HCl 


This compound is obtained in. brown flocks when 1:64 grams of 4-acet- 
amidophenyldi-iodostibine ? in 40 ¢.c. of acetic acid are treated with 
0-8 gram of 3-amino-4-hydroxyphenylarsine in alcoholic hydrochloric 
acid and the whole diluted with ether. It is readily soluble in water 
or methyl alcohol, and gives a clear solution in alkalis. 
3-Amino-4-hydroxyphenylarsenoantimonious acetate hydro- 


chloride,? 
HO~< »-As =SbO0.CO.CH, 


NH,.HCI 


This is the condensation product of 3-amino-4-hydroxyphenylarsine 
(2 grams), in, a little methyl alcohol, with a hot solution of 3-6 grams 
of tartar emetic in acetic acid. After boiling for a minute, brownish- 
yellow flocks separate, which are easily soluble in water, alkalis or 
dilute hydrochloric acid. From the latter solution sulphuric acid 
precipitates a sparingly soluble sulphate, and dimethylaminobenzal- 
dehyde a sparingly soluble Schiff’s base. 
4-Acetamidophenylarsenoantimonious bromide,‘ 


CH,.CO.NH-< As =SbBr 


4-Acetamidophenylarsine (0-6 part), obtained by the reduction of 
4-acetamidophenylarsinic acid with zine dust and hydrochloric acid, 
is dissolved in 50 c.e. of methyl alcoholic hydrochloric acid and 1-08 parts 


1 Ehrlich and Karrer, Ber., 1913, 46, 3564. 2 German Patent, 214428. 
3 German Patent, 269744. 4 German Patent, 269743. 
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of antimony tribromide in 25 c.c. of methyl alcohol added. On pouring 
into ether, a reddish-brown powder of the constitution indicated is 
precipitated. It is soluble in water and dilute hydrochloric acid. 


3 - Amino - 4 - hydroxyphenylarsenoantimonious chloride 
hydrochloride,! © 
Oa =Sb0l 
NH,.HCl 


A solution of 1 gram of 3-amino-4-hydroxyphenylarsine in methyl 
alcohol is mixed with a similar solution of 1-23 grams of antimony 
trichloride. After adding 0-88 gram of crystalline cupric chloride in 
methyl alcohol, the required compound is precipitated in the form of 
its cupric chloride addition compound by the addition of ether. For 
the product obtained when the preparation is carried out in methyl 
aleohol solution containing hydrochloric acid, the following formula 
has been suggested, but it is not supported by analysis : ® 


es os aie \_OH 
| | 
NH,.HCl ‘ NH,.HC! 


Bis-3-amino-4-hydroxyphenylarsenoantimonide,?® 


sg CNS IN ety alt a eo a 
Boe As =Sb—Sb = As >-0H 
NH, 


NH, 
A solution of 23:3 grams of 3-amino-4-hydroxyphenylarsinic acid in 
400 c.c. of water and 60 ¢c.c. of 2N sodium hydroxide solution is mixed 
with 33-2 grams of tartar emetic in 650 c.c. of water. The mixture is 
then added to a solution of 500 grams of sodium hydrosulphite and 
100 grams of magnesium chloride in 2500 c.c. of water and the whole 
well stirred at 50° to 55° C. until a test portion remains clear on warming. 
The precipitate is then filtered off, washed and dried in a vacuum. It 
is a reddish-brown powder, giving clear solutions in dilute hydrochloric 
acid and aqueous sodium hydroxide. 
Bis -4-amino-3-carbomethoxyphenylarsenoantimonide,* 


NH-< As Sh Sh = As >-NH, 


COOMe OOMe 


results when antimony! chloride is condensed with methyl] anthranilyl- 
arsine in acetic acid solution. It is a brown powder, sparingly soluble 
in water or methyl alcohol. 

oe eer caxistkbinous oxide or Phenyl-l-arsenoaide-4-stibin- 
oaide, 


OSb-— —AsO 


: 


occurs as a colourless powder when the corresponding acid is reduced 
with sulphur dioxide in the presence of a trace of iodine in methyl 
alcoholic hydrogen chloride solution. Reduction in the absence of 


1 German Patent, 270259. 2 Ehrlich and Karrer, loc. cit. 
3 German Patent, 270255. 4 German Patent, 269744. °® German Patent, 397151. 
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iodine gives an intermediate product. Reduction of the oxide by 
phosphorous acid in acetic-hydrochloric acid solution in the presence 
of iodine gives a pale yellow reduction product. This might have any 
of the structures 


| As As ‘Sb 

xe As 5 A : e 
&, Sb Ne NG 
——————-§b Sb As 


Phenylarsinic acid-stibinic acid is reduced by sodium hyposulphite 
to a dark brown product. Reduction of 4-hydroxyphenyl-1-arsinic 
acid-8-stibinic acid, HO.C,H,(SbO;H,)(AsO,H,), by stannous chloride 
and concentrated hydrochloric acid in the presence of a trace of iodine, 
yields an orange-yellow solid, probably 4-hydroxyphenylstibinearsine. 


AZO-COMPOUNDS. 
Sodium 2-acetamidoazobenzene-5 : 4’-distibinate,1 
SbO(ONa), 


(NaO),08b-<)-N=N-C a 


NHAc 


occurs when diazotised p-aminophenylstibinic acid is coupled with 
sodium p-acetamidophenylstibinate in alkaline solution. 
4-Hydroxybenzeneazo-4’ -methoxyphenyl-2’-stibinic acid,’ 


lif es VERN ee ea 
HO~< Nene Sa at 
SbO(OH), 


is prepared from 3-methoxy-6-acetamidophenylstibinic acid by hydro- 
lysis, diazotisation and coupling with phenol. 
Azobenzene-p-stibinic acid, 


& ee S-Sb0(OH), 


is isolated by diazotising and “ stibinating ’’ p-aminoazobenzene. 


ARSINICSTIBINIC ACIDS. 


p-Phenylenearsinicstibinic acid, [{C,H,(AsO,)(SbO,).H,O}. 
4H ,O],.—p-Aminophenylarsinic acid, 21-7 grams, is dissolved in 
100 c.c. of water and 60 c.c. of 5N hydrochloric acid and diazotised. 
To the diazo-solution is added successively 34 grams of tartar emetic 
in 200 c.c. of water and 120 c.c. of 5N ice-cold sodium hydroxide. 
Nitrogen is evolved and the reaction is complete when a test portion 
no longer couples with R-salt. Acidification with dilute hydrochloric 
acid then precipitates the crude acid, which is freed from antimony 
trioxide by stirring the moist paste with 200 c.c. of 5N hydrochloric: 


1 Brahmachari and Gupta, J. Asiatic Soc. Bengal, 1929, 25, 301. 
2 Riddell and Basterfield, Trans. Roy. Soc. Canada, 1929, [iii], 23, III, 45. 
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acid, filtering and washing with similar acid until a test portion of 
the filtrate on dilution is not orange-red when treated with hydrogen 
sulphide. The acid may be further purified by forming a paste with 
200 c.c. of hydrochloric acid (density 1-19), the product soon dissolving. 
Charcoal is added, the mixture filtered and the filtrate stirred with 
20 c.c. of pyridine and 75 c.c. of hydrochloric acid (density 1:19), when 
the pyridine double salt separates. This is filtered off, decomposed by 
water, the solution filtered and the solid dissolved in sodium hydroxide. 
The addition of dilute hydrochloric acid then precipitates pure 
p-phenylenearsinicstibinic acid. This is removed, washed and dried 
at the ordinary temperature, then stirred several times with water, 
washed and dried in air until constant in weight. The acid may also 
be obtained by treating diazotised stibanilic acid (p-aminophenyl- 
stibinic acid) with alkaline arsenite. 

From the first method of preparation about 25 grams of colourless 
powder are isolated. This gives white fumes and a cacodyl-like odour 
when heated on platinum foil. It is not soluble in the usual solvents, 
but dissolves readily in alkalis and concentrated hydrochloric acid. 
Like the primary stibinic acids it exhibits the phenomenon of gradual 
neutralisation with alkali hydroxide, the rate of neutralisation depend- 
ing on the concentration of the hydroxyl ions, the temperature and the 
particular cation. The steps in the process of neutralisation are not 
sufficiently sharply differentiated to allow conclusions to be drawn as 
to the degree of polymerisation of the compound.! Ammonium 
chloride in hydrochloric acid solution reacts with the acid to form the 
compound [H,O;As.C,H,.Sb(OH)Cl;|,/ NH3],.6H,O, a white, crystalline 
product, insoluble in the usual organic solvents, only decomposed by 
water with difficulty and soluble in an excess of dilute sodium hydroxide 
solution. Pyridine hydrochloride reacts with the arsinicstibinic acid to 
form the compound (H,0,As.C,H,.SbCl,).(C;H;N.HC1),.14H,0. 

4-Hydroxyphenylene-l-arsinic acid-3-stibinic acid, |{HO. 
C,H,(AsO,)(SbO,.).H,0O}.83H,O]|,.—This is formed by the diazotisation 
of 38-amino-4-hydroxyphenylarsinic acid and treatment of the product 
with tartar emetic in alkaline solution. The acid is purified by the 
methods adopted for the preceding acid, which the present compound 
resembles in properties. 


The analysis of these compounds is effected by boiling them with 
a mixture of concentrated sulphuric acid and nitric acid (density 1-49) 
and subsequent treatment of the solution with ammonium sulphate 
until all the residual nitric acid has been destroyed. The arsenic and 
antimony are then estimated in the usual manner. 


3-Nitrophenylene-1l-arsinic acid-4-stibinic acid, 


ao 
(HO),0As< —_>-Sb0,.nH,0 


3-Nitro-4-aminophenylarsinic acid is diazotised and treated with tartar 
emetic in neutral or slightly acid solution. The resulting product is 
a brown powder.? 


1 Schmidt, Ber., 1924, 57, [B], 1142. 
2 German Patent, 296940. 
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AZO-DYES CONTAINING ANTIMONY.! 


These dyes are prepared by the diazotisation and coupling of 
p-aminophenylstibinic acid (stibanilic acid). The powdered products 
are mostly of brown shades and all are insoluble in water, alcohol, 
acetone, chloroform and benzene, sparingly soluble in phenol, but readily 
soluble in sodium and ammonium hydroxides. They do not melt and 
are not decomposed at 250° C. The disodium salts are obtained in 
solid form as brown scales, dilute solutions of which in water range 
from deep orange-brown to yellow-brown. The solutions dye wool a 
light orange-yellow. The compounds are perfectly stable over a period 
of six months, and are unaffected by light or heat. The salts are 
insoluble in most organic solvents, but are fairly soluble in water- 
alcohol mixtures, precipitating on long standing. The following azo- 
dyes are known, the compound with which the diazotised p-amino- 
phenylstibinie acid is coupled being shown in brackets: 4-hydroryazo- 
benzene-4'-stibinic acid (phenol) ; 4-hydroxy-2-chloroazobenzene-4'-stibinic 
acid (o-chlorophenol);  4-hydroxy-3-nitroazobenzene-4'-stibinic acid 
(o-nitrophenol) ; 4-hydroxy-3-aminoazobenzene-4'-stibinic acid (o-amino- 
phenol); 4-hydrowy - 3 - methylazobenzene - 4’ - stibinic acid (o- cresol) ; 
4-hydroxy-3-carboxyazobenzene-4'-stibinic acid (salicylic acid). The use 
of pyrocatechol does not give the expected product. The general 
formula of the compounds may be represented thus : 


HO-<>-N=N-< ~S-sb0(OH), 


R 


p-Aminophenylstibinic acid has also been diazotised and coupled 
with the following compounds, the colour of the dye being indicated : ? 
Dimethylaniline (brown), diethylaniline (purple), a-naphthol-4-sulphonic 
acid (dark red), 2: 45-aminonaphthol-7-sulphonic acid (light reddish- 
brown), 2-naphthylamine-3 : C-disulphonic acid (dark brown), 1: 8- 
aminonaphthol-3 : 6-disulphonic acid (sodium salt purple), 2-naphthol- 
3: 6-disulphonic acid (sodium salt orange-brown), and 1 : 8-dihydroxy- 
naphthalene-3 : 6-disulphonic acid (sodium salt purple). 


HETEROCYCLIC COMPOUNDS CONTAINING ANTIMONY. 
Phenylcyclotetramethylenestibine, 


CH,—CH 
| DSb.CoHs 
CH,—CH, 


To the magnesium compound from 50 grams of 1 : 4-dibromobutane in 
200 c.c. of anhydrous ether, 40 grams of phenyldichlorostibine dissolved 
in 8 volumes of dry ether are slowly added, the mixture being well 
cooled and stirred, and the operation conducted in an inert gas.® 
Fractionation of the resulting product after decomposition gives 
15 grams of the stibine, B.pt. 156° to 158° C. at 20 to 22 mm., np 1-6313 
and np — Nc 0:02737 at 28° C. 
1 Dunning and Reid, J. Amer. Chem. Soc., 1926, 48, 2959. 


2 Ibid., 1927, 49, 2869. 
5 Griittner and Krause, Ber., 1916, 49, 437. 
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It is a colourless, somewhat viscous oil, of unpleasant odour, and 
becomes cloudy even in the presence of traces of oxygen. When dry 
chlorine is passed into its solution in carbon tetrachloride and the solvent 
removed, the dichloride is obtained as colourless crystals, M.pt. 150° C. 
The dibromide, prepared in a similar manner, yields colourless needles, 


M.pt. 149° C. 
Phenylcyclopentamethylenestibine, 
CH,—CH aS 
UES y Juste 
CH,—CH, 


This occurs when the 1 : 4-dibromobutane in the preceding preparation 
is replaced by 1: 5-dibromopentane, and 75 grams of phenyldichloro- 
stibine yield about 37 grams of the pure stibine. It is a colourless 
viscous oil of faint unpleasant odour, boiling at 169° to 171° C. at 
18 to 20 mm., density 1-4966 at 20° C., np 1:6203 and np — nc 0:02412 
at 22-4° C. It dissolves in ether, benzene and carbon tetrachloride, 
is fairly soluble in hot alcohol, sparingly soluble in water. With ethyl 
iodide and mercuric chloride no addition products are formed, but 
atmospheric oxygen converts it in a few hours to phenylcyclopenta- 
methylenestibine oxide, C,H 9.Sb(CgsH;):O, a colourless powder, un- 
melted at 280° C., soluble in alcohol, insoluble in petroleum ether. 
The stibine also yields a dichloride, which is a white crystalline powder, 
Nipt.t4i to 142° C. 


Derivatives of pyridine, quinoline or isoquinoline may be prepared 
by causing the diazotised amino-compounds of such substances to 
react with antimonites or the corresponding free acids. The parent 
material may contain substituents, e.g. hydroxy-, amino-, carboxy- or 
phenyl- radicals or halogens. The most advantageous proportions 
appear to be 2 to 3 molecular equivalents of antimonite to each equi- 
valent of heterocyclic compound. Reduction with suitable agents pro- 
duces stibino-compounds.! 


BENZENEDIAZONIUM CHLORIDE-ANTIMONY CHLORIDE INTERNAL 
CoMPLEX SALTS.? 


p-Chloro-m-amino-benzenediazonium  chloride-antimony 
chloride complex salt, 


p-Chloro-m-aminophenyldichlorostibine hydrochloride, 7 grams, is dis- 
solved in about 20 c.c. of methyl alcohol and cooled in ice. Treatment 
with 40 c.c. of 5N hydrochloric acid, followed by 380 c.c. of normal 
sodium nitrite solution, causes the separation of a deep yellow to orange- 
yellow microcrystalline precipitate. After standing for five minutes 


1 English Patent, 250287 (1924). 
* Schmidt and Hofmann, Ber., 1926, 59, [B], 555. 
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in ice, this product is collected, washed with ice-cold 5N hydrochloric 
acid and dried in vacuo over caustic alkali and sulphuric acid. About 
7 grams of orange-yellow powder result, which is about 100 per cent. 
yield. A somewhat purer product is isolated if an ice-cold solution 
of 7 grams of the stibine hydrochloride in 50 c.c. of methyl alcohol are 
treated with an ice-cold solution of 7 c.c. of amyl nitrite in 30 c.c. of 
acetic acid; the orange-yellow body immediately separates and is 
filtered, washed with acetic acid and dried. The complex salt de- 
composes at about 100° C. and explodes with evolution of fumes of 
antimony oxide when heated on platinum foil. It cannot be further 
purified by recrystallisation. In dry ether or benzene it is insoluble, 
and its solution in methyl or ethyl alcohol decomposes with evolution 
of nitrogen even in the cold. Water, aqueous sodium acetate, dilute 
hydrochloric acid and acetic acid cause decomposition in the cold, and 
alkali solutions cause energetic nitrogen evolution. Alkali-soluble 
stibinic acids are formed in the latter case. 

m-Amino-benzenediazonium chloride-antimony chloride 
complex salt, 


Pee ee 


Qwing to the sparing solubility of m-aminophenyldichlorostibine 
hydrochloride, the preparation of the diazo-compound is accomplished 
as follows: 7 grams of the hydrochloride are stirred with powdered 
ice and 15 c.c. of 5N sodium hydroxide solution, when a yellow pre- 
cipitate of the oxide separates. This is rapidly brought into solution 
by 50 c.c. of 5N ice-cold hydrochloric acid and diazotised by 30 c.c. 
of normal sodium nitrite solution. The precipitated diazo-compound 
is immediately collected and washed with ice-cold 5N hydrochloric 
acid (20 c.c.). The product readily decomposes, so that only small 
quantities are dried. It decomposes at 165° to 167° C. An alternative 
method of preparation consists of treating 16 grams of m-aminophenyl- 
dichlorostibine hydrochloride in 250 c.c. of methyl aleohol and 30 c.c. 
of acetic acid with 8 grams of amyl nitrite. Alkali decomposes the 
complex with evolution of nitrogen and formation of stibinic acids. 

p-Benzenediazonium chloride-antimony chloride complex 
salt, 


Tree renee 


This may be prepared by methods similar to the foregoing. The acetic 
acid in the second method of preparation is replaced by saturated. 
methyl alcoholic hydrogen chloride. The product is very unstable and 
reacts with alkali in the usual manner. 
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DERIVATIVE OF 1: 4-BENZISOXAZINE.! 


A considerable amount of research has been carried out on the 
arsenical derivatives of 1 : 4-benzisoxazine,? and the present compound 
appears to be the beginning of similar work on antimonials. 

3-Hydroxy-1 : 4-benzisoxazine-6-stibinic acid, 


6-Amino-8-hydroxy-1 : 4-benzisoxazine hydrochloride (12 grams), when 
subjected to the Bart-Schmidt reaction, yields 1-25 grams of the stibinic 
acid as a light brown amorphous powder, insoluble in water and the 
usual solvents, but readily soluble in dilute alkali solutions. 


ANTIMONY COMPOUNDS OF THE QUINOLINE SERIES.? 


The general method of preparation for these compounds is as 
follows: The aminoquinoline (6 grams or j, gram-molecule) in 
50 c.c. of water and 20 c.c. of hydrochloric acid is diazotised at 0° C. 
by 3 grams of sodium nitrite. The diazo-solution is added slowly, 
with simultaneous addition of 20 c.c. of 6N sodium hydroxide, to an 
ice-cold solution prepared from 12-6 grams of antimony trichloride, 
20 c.c. of 5N hydrochloric acid and 20 c.c. of glycerol, the resulting 
mixture being treated with 6N sodium hydroxide until the precipitate 
which forms just redissolves, after which the whole is diluted to 800 c.c. 
After standing overnight the solution is filtered and the filtrate acidified 
with acetic acid. The resulting precipitate is suspended in 50 c.c. of 
concentrated hydrochloric acid, the product collected after one hour 
and washed with concentrated hydrochloric acid. The stibinic chloride 
thus obtained free from antimony oxide is decomposed by excess of 
dilute alkali and the stibinic acid precipitated by acetic acid. 

Quinoline-5-stibinic acid, 

SbO(OH), 


ag 


is a buff powder, very sparingly soluble in most solvents, although 
moderately easily soluble in glacial acetic acid and readily soluble in 
dilute acids or alkalis. The analysis. corresponds to the formula 
C,H,O,NSb.H,O. The sodium salt is readily soluble in water. When 
the acid in dilute hydrochloric acid is treated at 0° C. with concentrated 
hydrochloric acid, a buff microcrystalline powder results; this is 
quinoline-5-stibinic chloride hydrochloride, M.pt. 222° C. 


t Balaban, J. Chem. Soc., 1930, p. 1685. 

* See.this Volume, Part II, p. 427. 

* Morgan and Cook, J. Chem. Soc., 1930, p. 743. These compounds are similar to 
those described for arsenic in this Volume, Part II, p. 419. 
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Quinoline-6-stibinic acid, 


ee ae 
va 
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containing a molecule of water, is a buff powder, moderately soluble 
in methyl alcohol and readily soluble in dilute acids or alkalis. The 
sodium salt is a straw-yellow powder, readily soluble in water or alcohol. 
Quinoline-6-stibinic chloride hydrochloride, CyH,NCI,Sb, is a buff micro- 
crystalline powder, M.pt. 237° C. 

Quinoline-8-stibinic acid, 


Naawee® 


ae 
N  sb0(0H), 


occurs in two forms, (a) water-insoluble, (b) water-soluble. The 
former is prepared in the usual way and the following formula is 
assigned to it, CgH,O,NSb.3H,O. The water-soluble form is pre- 
pared by dissolving ordinary purified quinoline-8-stibinic acid in 0-2N 
acetic acid and evaporating the solution to dryness in a vacuum 
desiccator. The residue is redissolved in water, and the solution again 
evaporated to dryness in vacuo. The resulting light brown powder is 
readily soluble in water, the addition of a drop of sodium hydroxide 
resulting in the precipitation of the insoluble form. The formula of 
this compound by analysis is C,H,0,NSb.H,O. When concentrated 
hydrochloric acid is added to an ice-cold methyl alcoholic solution of 
the stibinic acid, small brownish needles of quinoline-S-stibinic chloride 
hydrochloride result. These decompose at 200° to 210° C. and have 
the constitution : 


ANTIMONIAL ANALOGUES OF THE CARBAZOLE SERIES.! 


The scheme on the next page indicates the compounds dealt with 
in this section. 

It should be noted in connection with the nomenclature of these 
compounds that the term ‘“ xenyl”’ is employed for diphenylyl and 
‘* xenylene ”’ for the bivalent radical of diphenyl. 

Xenyl-o-stibinic acid, C,H,.C,H,.SbO0(OH),.—o-Aminodipheny]l, 
50 grams, in 800 c.c. of water and 160 ¢.c. of hydrochloric acid (density - 
1:16) is diazotised with 22 grams of sodium nitrite in 100 c.c. of water 
and to the diazo-solution are added 46 grams of antimony trioxide in 
200 c.c. of hydrochloric acid (density 1-126), the temperature being 
maintained between 0° C. and 25° C. Diphenslamioesnia antimony 
tetrachloride separates as a light yellow precipitate, and after washing 


1 Morgan and Davies, Proc. Roy. Soc., 1930, A, 127, 1. 
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with water this is suspended in 1500 c.c. of water containing 300 grams 
of ice, the mixture being cooled to 0° C.; 160 to 200 c.c. of glycerin 
are added and 5N sodium hydroxide slowly introduced with stirring 
until the mixture is faintly acid, about 300 c.c. of alkali being required. 
When frothing ceases, a further 30 c.c. of 5N sodium hydroxide are 
added and the liquid stirred until a sample no longer gives an azo- 
coloration with H-acid. The filtered liquid is acidified with dilute 
VObe M1 ot Til: 17 
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hydrochloric acid and warmed to complete the precipitation of the 
stibinic acid, which is freed from inorganic antimony compounds by 
repeated washing with hydrochloric acid (density 1-126). The residue 
is extracted with 2-5N sodium hydroxide solution, the extract filtered 
and the filtrate acidified with acetic acid. The precipitated stibinic 
acid dries to a white amorphous powder, sparingly soluble in hot water, 
but separating from boiling alcohol as small, colourless crystals. Warm 
concentrated hydrochloric acid converts the acid into wenyl-o-stibine 
tetrachloride, C,H;.C,H,.SbCl,, a yellow oil which yields wenyl-o-stibine 
ammonium pentachloride, |C,H;.C,H,.SbCl,;|NH,, when shaken with a 
saturated solution of ammonium chloride in hydrochloric acid (density 
1-126). 

xonvido disuicragnine C,H,.C,H,.SbCl,, occurs when a methyl 
aleohol hydrochloric acid solution of the foregoing acid containing a 
trace of potassium iodide is reduced by sulphur dioxide. The resulting 
mixture is extracted with chloroform and the oil obtained from the 
extraction is dissolved in ether and diluted with petroleum (B.pt. 60° 
to 80° C.), when rosettes of colourless needles separate on spontaneous 
evaporation, M.pt. 76° C. The product is very soluble in ordinary 
organic solvents. The dichloride is converted by sodium iodide in 
acetone solution to «enyl-o-di-iodostibine, C,.H;.C,H,.SbI,, which 
separates from alcohol as dark yellow needles, M.pt. 95° to 96° C. 

Xenylenechlorostibine, 


Me 


We 

SbCl 
is obtained by heating xenyl-o-dichlorostibine at 100° C. under 25 mm. 
pressure, or as follows: 4 grams of xenyl-o-stibinic acid are added to 
10 c.c. of cold concentrated sulphuric acid, to which 5 ¢c.c. of the same 
acid are subsequently added. After warming on the water-bath for 
ten minutes the whole is poured into a large volume of water. The 
greyish-white precipitate which forms is washed, dried, and dissolved 
in warm hydrochloric acid with the minimum quantity of methyl 
alcohol. A fragment of potassium iodide is added and sulphur dioxide 
passed in until crystals appear. Excess of sulphur dioxide should be 
avoided and the temperature kept down, otherwise the antimony is 
entirely eliminated and diphenyl results. The crystals which deposit 
on standing are recrystallised from alcohol containing animal charcoal. 
The chloride separates as greenish-white acicular crystals, M.pt. 209° C., 
moderately soluble in hot chloroform, alcohol, acetone or benzene, 
less soluble in carbon disulphide or light petroleum. Sodium iodide 
in acetone converts the chloride into wenyleneiodostibine, lemon-yellow 
needles from benzene, M.pt. 222° C, 

Xenylenemethylstibine, (C,H,),Sb.CH;, is prepared by treating 
the preceding iodide with magnesium methyl iodide. It crystallises 
from petroleum as pale yellowish-white leaflets, M.pt. 57° C. It yields 
a dibromide as a pale yellow microcrystalline powder, M.pt. 207° C., 
slightly soluble in acetone or alcohol but not appreciably soluble in 
other organic solvents, 

Tetrakis-o-xenylstibine oxide, (C,H;.C,H,),Sb.0.Sb 
(C,H,,.C.H;)., is formed when crude xenyl-o-dichlorostibine is digested 


a, 
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with warm alkali, but preferably by adding an acetone solution of 
dixenyl-o-chlorostibine to a large volume of water containing sufficient 
ammonia to remain alkaline after heating the mixture on the water- 
bath. The oxide is washed with warm water, dissolved in hot acetone, 
and the solution rendered turbid by adding water. Evaporation of the 
solution yields large, colourless, flattened needles, M.pt. 157° C. 
Dixenyl-o-chlorostibine, (C,H;.C,H,),SbCl.—Crude oily xenyl- 
o-dichlorostibine is poured into water and the liquid made slightly 
alkaline with sodium or ammonium hydroxide. The mixture is then 
warmed on the water-bath and the precipitate which forms dissolved 
in hot alcoholic hydrochloric acid, the chloride separating in colourless 
needles on cooling, M.pt. 125-5° C. It dissolves in most organic solvents, 
except light petroleum. The corresponding iodide may be obtained by 
the action of hydriodic acid on the foregoing oxide or sodium iodide 
in acetone on the chloride. It separates from alcohol or chloroform 
as light yellow prisms, M.pt. 156° to 157° C. Chlorine converts the 
chloride into the trichloride, small colourless needles, M.pt. 177° C. 
Bis-2 : 2’-xenylenestibine oxide, 
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When an acetone solution of xenylenechlorostibine is poured into water 
containing a slight excess of ammonia, a white flocculent precipitate 
of this oxide separates. It crystallises from alcohol as yellowish-white 
spangles, M.pt. 177° to 179° C., readily soluble in chloroform, less 
soluble in alcohol, acetone or benzene, and insoluble in water or 2N 
sodium hydroxide. 

Xenylene-o-xenyldichlorostibine, 


When the foregoing trichloride is heated to 50° C. above its melting- 
point under 20 mm. pressure, hydrogen chloride is evolved; after 
cooling, the residual product is extracted with warm chloroform. 
After removing the solvent the solid is crystallised from chloroform- 
alcohol containing animal charcoal. Small white nodules separate, 
M.pt. 212° C., moderately soluble in organic solvents, except chloroform. 
2 : 2’-Xenylene-o-xenylstibine, 
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occurs when the preceding chloride is suspended in 20 parts of alcohol 
and boiled for two hours with two parts of zine dust. On filtering 
the concentrated solution large rosettes of colourless needles separate, 
M.pt. 106° to 107° C., readily soluble in organic solvents. 


WATER-SOLUBLE ORGANIC STIBINOUS COMPOUNDS. 


The derivatives here mentioned have the antimony atom bound 
to at least one carbon atom of an organic radical (preferably phenyl) 
and the remaining bond or bonds of the antimony joined to a sulphur 
atom or atoms, each sulphur atom being attached to the carbon of an 
organic radical containing an acid group, which has a free valency bond 
capable of being attached to hydrogen or a metal.! | 

p-Hydroxyphenyldichlorostibine reacts with two molecular pro- 
portions of p-mercaptobenzenesulphonic acid, yielding p-hydroxyphenyl- 
stibinous p-thiobenzenesulphonic acid, a white product which does not 
melt or decompose below 300° C., and yields a sodium salt. A similar 
product results with thioglycollic acid. »-Hydroxyphenyldi-iodostibine 
with thiosalicylic acid gives p-hydroxyphenylstibinous thiosalicylic acid, 
insoluble in water or ether, somewhat soluble in acetone or absolute 
alcohol, having an indefinite melting-point, decomposing when heated, 
and forming salts with sodium, potassium, calcium and like metals, also 
with ammonium. Similarly, p-acetylaminophenylstibinous thiosalicylic 
and thiopropionic acids are known, melting at about 200° and 105° to 
107° C. respectively. Phenyldi-iodostibine gives phenylstibinous thio- 
benzenesulphonic acid, unmelted below 300° C., whilst the iodide, 
chloride or oxide may be converted into phenylstibinous thiosalicylic 
acid, M.pt. 186° C. p-Acetylaminophenylstibinous thiobenzenesulphonic 
acid, p-aminophenylstibinous thiobenzenesulphonic acid, p-aminophenyl- 
stibnous thiosalicylic acid hydrochloride, the corresponding meta- 
compound, and cysteine hydrochloride, give a white, hygroscopic pro- 
duct with p-acetylaminophenylstibinous chloride hydrochloride. 


THE ESTIMATION OF ANTIMONY IN ORGANIC COMPOUNDS. 


Schmidt’s Process.—The following procedure is due to Schmidt : 2 
Mono- and diaryl- stibine oxides, also triarylstibines, containing an 
amino-group substituted in the benzene nucleus, can be estimated 
directly by titration with iodine in very dilute and faintly acid solution. 
A more general process consists of heating to boiling about 0-001 of a 
molecular proportion of the substance, 0-2 gram of sodium chloride 
and 3 grams of sodium bisulphate mixed in a Kjeldahl flask with 1-5 c.e. 
of nitric acid (density 1-49) and 10 c.c. of concentrated sulphuric acid, 
the heating being maintained for an hour. After cooling, a gram of 
ammonium sulphate is added and the whole again boiled for thirty 
minutes. The mixture is then diluted to about 300 e.c., and 20 c.c. 
of 5N hydrochloric acid added, followed by reduction by sulphur 
dioxide in the presence of potassium bromide. The solution is finally 
titrated with N/10 iodine solution made alkaline to sodium bicarbonate. 

Macallum’s Process.23—The substance, 0-2 gram, is dissolved if 


1 American Patent, 1684920. 


2 Schmidt, Annalen, 1920, 421, 244, 245. 
* Macallum, J. Soc. Chem. Ind., 1923, 49, 469 T. 
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possible in 10 ¢.c. of water by addition of alkali, and treated with one 
gram of potassium permanganate and 10 c.c. of concentrated sulphuric 
acid. After heating for a time the mixture is decolorised by boiling 
with 10 to 15 c.c. of hydrochloric acid and diluted with 50 c.c. of water 
and 75 c.c. of hydrochloric acid. The antimony is reduced in the 
cooled solution by shaking for three minutes with 5 grams of potassium 
iodide. After diluting with a further 125 c.c. of water, the solution 
is titrated with N/10 sodium thiosulphate solution, using starch as 
indicator. If a blank be subtracted, each cubic centimetre of thio- 
sulphate solution is equivalent to 0-006 gram of antimony, or 3 per 
cent. The quinquevalent antimony in a preparation may usually be 
titrated directly under the foregoing conditions, omitting, of course, 
the permanganate and sulphuric acid. 
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Fig. 6. 


For readily oxidised antimony compounds the following method 
and apparatus is used, taking as an example dimethylstibine 
bromide.? 

Owing to the difficulty of weighing out the dimethylstibine bromide 
without oxidation taking place, the apparatus shown in the figure was 
designed for the analysis of easily oxidised or spontaneously inflammable 
liquids. 

The apparatus having been filled with nitrogen, the stop-cocks A 
and B are opened, and C, D and E kept closed, the stop-cocks at the 
top of the U-tube also being open. A vacuum of about 60 mm. is 
used and the dimethylstibine bromide or other antimonial distilled into 
the U-tube. The vacuum is then released with nitrogen, and enough 


1 The following are further references to antimony estimation: Michaelis and Reese, 
Annalen, 1886, 233, 46; Michaelis and Genzken, Annalen, 1887, 242, 168; Loloff, Ber., 
1897, 30, 2835; Rohmer, Ber., 1901, 34, 1565; Cahen and Morgan, Analyst, 1909, 34, 3; 
Fargher and Gray, J. Pharm. and Exper. Therap., 1921, 18, 356. 

The following deals with the estimation of antimony in the presence of arsenic : Schmidt, 
Ber., 1924, 57, [B], 1148. 

2 Morgan and Davies, Proc. Roy. Soc., 1926, A, 110, 523. 
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of the bromide for a combustion run into T, the taps C, D and E being 
open. The tap D having been closed, the small tube T is taken out, 
stoppers placed on both ends, and weighed. The weight of the empty 
tube has previously been ascertained. The stoppers are then quickly 
removed, the tap EK opened, and the tube, after being wrapped in a 
little asbestos paper, is placed in an 18 mm. combustion tube. 

Liquid antimonials have hitherto been oxidised with nitric acid 
and the antimony estimated as Sb,O,. Some of them, however, react 
too vigorously with nitric acid to permit of this method being used 
with success. Moreover, the process involves very careful control of 
the temperature to which the Sb,0,—Sb,O, mixture is heated in order 
to obtain only Sb,O,. Consequently, the following method has been 
evolved and found to give very consistent results : 

The required amount of antimonial is weighed out and heated in a 
250 c.c. beaker with 15 to 20 c.c. of concentrated sulphuric acid and 
1 to 2 c.c. of nitric acid (density 1-42). The amount of nitric acid 
required varies with the percentage of carbon present in the compound 
to be analysed. The mixture is heated until 4 to 5 c.e. of the sulphuric 
acid remain. When cool, the liquid is diluted to 50 c.c. and 20 c.e. 
of concentrated hydrochloric acid are added, together with 50 c.c. of 
phosphoric acid (density 1:3). The solution is then treated with 
sulphuretted hydrogen at 100° C. until black antimony sulphide is 
obtained, 60 to 70 c.c. of water are added, and the gas passed in until 
the crystalline antimony sulphide is completely precipitated. The 
sulphide is filtered into a Gooch crucible, washed with sulphuretted 
hydrogen, and dried in the following manner: The crucible is placed 
in the glass tube B shown in the figure, which is fitted into a copper 
cylinder A. This cylinder is 20 cm. long, has an internal diameter of 
3°7 cm., and is lined on the inside with thin asbestos paper. Carbon 
dioxide is passed in, and by means of the ring burner C the crucible is 
heated slowly to 120° C. for about half an hour, and then raised to 
280° C., being kept at this temperature for 14 to 2 hours. 

For the estimation of antimony in trialkylstibines the following 
method has been used: 1 The compound is heated with sodium 
carbonate in a stream of oxygen in a combustion tube. The contents 
of the tube are then dissolved in 10 per cent. hydrochloric acid and 
antimony trisulphide precipitated from the boiling solution by passing 
in hydrogen sulphide for 30 minutes. An equal volume of hot water 
is then added to the liquid and the stream of hydrogen sulphide con- 
tinued for five minutes. The precipitate is collected on a Gooch 
crucible, washed, dried for two hours at 130° C., then heated for two 
hours at 280° to 300° C. in a carbon dioxide atmosphere and weighed. 


' Dyke, Davies and Jones, J. Chem. Soc., 1930, p. 463. 
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CHAPTER VI. 
ORGANOMETALLIC DERIVATIVES OF BISMUTH. 


Tue element bismuth does not tend to form organometallic derivatives 
with the same facility as the other members of Group V. In the case 
of phosphorus pentavalent compounds of the type R,PX, are unknown 
in the aromatic series, whereas these are the most stable derivatives 
in the case of bismuth. It is more than forty years since any syste- 
matic research on aliphatic bismuth compounds was carried out, so 
that, whilst giving the data found in the literature, the author would 
not care to vouch for the correctness of some of the work described in 
the light of more modern work on the aromatic series. The aliphatic 
bismuthines fall into three classes, R,Bi, R,BiX and RBiX,, where X 
is a monovalent element or radical. 

The chief methods of preparing aliphatic compounds of the type 
R,Bi are as follows :— 

(1) Zine dialkyls in dry ether solution are allowed to react with 
bismuth halides : 

3ZnR, +2BiX, =2R,Bi+3ZnX, 


(2) Alloys of bismuth and potassium are treated with alkyl iodides : 
K,Bi+3RI=R,;Bi+3KI 


The trialkylbismuthines are highly refractive liquids which fume in air 
and have a tendency to explode when heated. Concentrated sul- 
phuric acid causes violent decomposition, concentrated hydrochloric 
acid acting with less vigour but with a similar result. Treatment with 
chlorine or bromine eliminates an alkyl radical forming compounds of 
the type R,BiX, and with trimethylbismuthine, methyl iodide at 200° C. 
yields methyldi-iodobismuthine. Mercurie chloride converts triethyl- 
bismuthine into ethyldichlorobismuthine, whilst hydrogen sulphide 
breaks it down to bismuth sulphide. 

The second class of compounds, namely R,BiX, although repre- 
sented by solid products, is a decidedly unstable class. The compounds 
are prepared by the halogenation of the tertiary bismuthines : 


R,Bi+ X,=R,BiX + RX 


The remaining type, RBiX,, occurs when the trialkylbismuthines 
are treated with bismuth halides or mercuric halides : 


R,Bi + 2BiX, =38RBixX, 
R,Bi + 2HgX, =2RHeX + RBixX, 
In the case of methyldi-iodobismuthine or ethyldi-iodobismuthine their 


preparation has also been effected by the action of methyl or ethyl 
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iodide on the tertiary bismuthine at high temperatures or, in the latter 
case, by treating ethyldichlorobismuthine with potassium iodide. Silver 
nitrate replaces the two halogen atoms of ethyldi-iodobismuthine by 
two nitrate radicals. 


Far more information is available in connection with aromatic 
bismuthines. The methods available for the preparation of compounds 
of the type R,Bi are as follows :— 

(1) Heating together an aryl bromide and sodium-bismuth alloy 
for a long period. This method gives yields as high as 75 per cent. : 


Na,Bi + 3RBr =R,Bi + 3NaBr 


(2) The interaction of aryl magnesium halides and bismuth halides, 
the yield being about 60 per cent. : 


3MeRX + BiX,=R,Bi+3MgX, 


(3) Mixing dry ether solutions of mercury diphenyl and bismuth 
bromide gives quantitative yields of triphenylbismuthine. This 
method is undoubtedly applicable to other aromatic bismuthines, the 
obvious drawback being the preparation of the mercury diaryls, which 
would involve as much difficulty as using methods (1) or (2) above : 


3R,Hg + 2BiX, =2R,Bi +3HgX, 


(4) Heating mercury diphenyl with metallic bismuth in a stream 
of hydrogen for ten minutes, the yield being 41 per cent. : 


3R,Hg + 2Bi =2R,Bi +3Hg 


(5) The removal of the halogen from triarylbismuthine dihalides 
by means of sodium hydrosulphite, aqueous or alcoholic alkali, or 
moist silver oxide. 

Only one mixed tertiary bismuthine is known, namely, diphenyl-a- 
naphthylbismuthine. It may be obtained by the interaction of tri- 
phenylbismuthine and tri-a-naphthylbismuthine, or by the following 
Grignard reactions :— 


(C.H;)BiBr + C,oH,;MgBr = (CgH;)o(C,9H,)Bi + MgBr, 
C,oH,BiBr, + 2C,H,MgBr = (C,H,)9(Cy9H,)Bi + 2MgBr, 


The reactions of various substances with triphenylbismuthine are 
shown in the table on opposite page, and are typical for the type R,Bi. 

Aryldihalogenobismuthines are few in number and tend to be 
unstable, especially in the presence of moisture. They are formed 

(1) When triarylbismuthines are treated with bismuth halides: 


R,Bi + BiX, =R,BiX +RBiX, 
2R,BiX =RBiX, + R3Bi 
(2) By the addition of halogens to diarylhalogenobismuthines : 
R,BiX +X, =RBiX,+RX 


(3) By the decomposition of dry triarylbismuthine dihalides by 
heat. All the products in this class are solids. 

The compounds of the type R,BiX share the property of instability 
possessed by the RBiX, derivatives. They occur along with com- 


REACTIONS OF TRIPHENYLBISMUTHINE. 


Reacting Substance. 


Chlorine or bromine. 


Todine. 


Iodine monochloride 
or monobromide. 


Cyanogen iodide. 


Thiocyanogen. 


Thiocyanic acid. 


Acetyl chloride or 
benzoyl chloride. 


thie 


Phosphorus 
chloride. 


Arsenic trichloride. 


Antimony trichloride. 


Bismuth trichloride. 


Bismuth tribromide. 


Mercuric chloride. 


Silver nitrate. 


Cupric chloride. 


Thallic chloride. 


Stannic chloride. 


Silicon tetrachloride. 


Titanium tetra- 


chloride. 


Resulting Products. 


REFERENCES. 


Triphenylbismuthine dichloride or 
dibromide. 


Diphenyliodobismuthine and iodo- 
benzene. 


Diphenylchlorobismuthine or di- 
pheny]bromobismuthine and 
iodobenzene. 

Diphenylcyanobismuthine and 

iodobenzene. 


Diphenylthiocyanobismuthine, bis- 
muth thiocyanate, polymerised 
thiocyanogen and phenyl thio- 
cyanate. 


Diphenylthiocyanobismuthine. 


Diphenylchlorobismuthine and 
aceto- or benzo- phenone. 
Diphenylchlorobismuthine and 


phenyldichlorophosphine. 

Diphenylchlorobismuthine, phenyl- 
dichloroarsine and _  diphenyl- 
chloroarsine. 


Diphenylchlorobismuthine and tri- 
phenylstibine dichloride. 


Diphenylchlorobismuthine. 


Phenyldibromobismuthine. 


Diphenylchlorobismuthine and 
phenylmercuric chloride. 
Compound AgNO,.2AgC,H;? 
Diphenylchlorobismuthine and 
cuprous chloride. 
Diphenylchlorobismuthine and 


thallium diphenyl chloride. 


Tin diphenyl hydroxychloride and 
tin diphenyl dichloride. 


Diphenylchlorobismuthine. 
do. 


Michaelis and Marquardt, 
Annalen, 1889, 251, 323. 


Gillmeister, Ber., 1897, 
30, 2843; Challenger 
and Allpress, Trans. 
Chem. Soc., 1915, 107, 
16. 

Challenger and Allpress, 
bid. 


do. 


Challenger and Wilkinson, 
Trans. Chem. Soc., 
1922, 121, 91. 


Challenger, Smith and 
Paton, ibid., 1923, 123, 
1054. 


Challenger and Ridgway, 
ibid., 1922, 121, 104. 


do. 


do. 


do. 


do. 


Challenger and Allpress, 
ibid., 1921, 119, 919. 


Challenger and Ridgway, 
loc. cit. 


do. 
do. 
Goddard, ibid., 1922, 121, 
36. 


Challenger and Pritchard, 
ibid., 1924, 125, 864. 


do. 
do. 
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pounds of the type RBiX, when bismuth halides react with triaryl- 
bismuthines. The iodo-compounds are formed also by treating the 
type R,Bi with iodine. Iodine monochloride or cyanogen iodide also 
removes an aryl group from triarylbismuthines : 


R,Bi+ICl=R,BiCl + RI 
R,Bi +CNI=R,BiCN +RI 


Bismuth halides interact with lead tetra-aryls to yield similar products : 
R,Pb + BiX, =R,BiX + R,PbX, 


Certain triarylbismuthine dibromides when boiled in dry benzene 
eliminate aryl bromide : 


R,BiBr, =R,BiBr +RBr 


The halogen may be removed from triarylbismuthine dihalides by 
salts such as potassium cyanide or lead thiocyanate : 


R,BiX, + KCN =R,BiCN + KX + RX 
R,BiX, + Pb(CNS), =R,BiCNS + PbX, +RCNS 


The pentavalent bismuth derivatives, R,BiX,, form a relatively 
stable class of compounds. The most important members are the 
dichlorides, R,BiCl,, and the dibromides, R,BiBr,, since from these 
substances most of the other compounds in the class may be derived. 
Chlorine and bromine add on directly to triarylbismuthines in dry 
solvents : 


R,Bi+Cl,(or Br,) =R3BiCl,(or Br.) 


These two halogens may be replaced by other elements or radicals by 
treatment with such inorganic salts as potassium fluoride or silver 
salts : 
R,BiCl, +2KF =R,BiF, + 2KCl 
R,BiCl, +2AgNO, =R,Bi(NO,), + 2AgCl 


Solution in concentrated sulphuric acid produces sulphates, with 
elimination of halogen acid : 


R,BiCl, +H,SO, =R,BiSO, +2HCl 


Treatment with sodium hydroxide, followed by carbon dioxide, yields 
carbonates : 
R,BiBr, —~> [R,Bi(OH),| —> R,BiCO, 


The carbonates dissolve in acids to yield other salts; in the case of 
acetic acid the diacetate is formed. The latter also occurs when an 
acetic acid solution of a triarylbismuthine dihalide is heated with lead 
acetate. Moist ammonia converts the dihalides to hydroxyhalides, 
R,Bi(OH)X. It is noteworthy that no di-iodides have been isolated, 
iodine always causing the elimination of aryl groups. Certain of the 
dihalides have been nitrated, but the investigation is as yet not 
sufficiently advanced to call for special comment regarding the position 
of the nitro-groups. The following table shows the typical reactions 
of the type R,BiX,. 


REACTIONS OF BISMUTHINE DERIVATIVES OF 
THE TYPE R,BiX,. 


Bismuthine. 


Reacting Sub- 
stance. 


Resulting Products. REFERENCES. 


Triphenylbismuthine 
dichloride or di- 
bromide. 


Triphenylbismuthine 
dichloride. 


do. 


do. 


Triphenylbismuthine 
hydroxychloride. 


Triphenylbismuthine 
difluoride. 


Triphenylbismuthine 
dichloride. 
do. 
do. 


Tri-a-naphthylbis- 


muthine dichloride. 


do. 


do. 


do. 


Tri-a-naphthylbis- 
muthine dibromide 


Moist silver oxide 
or aqueous or 
alcoholic potas- 
sium hydroxide. 


Concentrated  sul- 


phuric acid. 
Moist ammonia. 
p-Tolyl magnesium 
bromide. 
Methyl magnesium 


iodide. 


Phenyl magnesium 
bromide. 


Potassium hydro- 
gen fluoride. 
Potassium cyanide. 


Lead thiocyanate. 


Moist silver oxide. 


Potassium cyanide. 


Potassium __ thio- 
cyanate. 
Lead thiocyanate. 


Mercury diphenyl. 


Triphenylbismuthine and | Challenger and 


silver halide or potas- Goddard, 
sium halide. Trans. Chem. 
Soc., 1920, 
117, 762. 
Triphenylbismuthine sul- do. 
phate and hydrogen 
chloride. 
Triphenylbismuthine hy- do. 
droxychloride. 
Triphenylbismuthine. do. 
Triphenylbismuthine di- do. 
chloride and triphenyl- 
bismuthine. 


Triphenylbismuthine and | Challenger and 


fluorobenzene. Wilkinson, 
ibid., 1922, 
T2191. 
Triphenylbismuthine. do. 
Diphenylcyanobis- do. 
muthine. 
Diphenylthiocyanobis- do. 
muthine. 


Tri-a-naphthylbis- Challenger and 


muthine and_ silver Goddard, loc. 
chloride. cit. 
Tri-a-naphthylbis- Challenger and 
muthine and potassium) Wilkinson, 
chloride. loc. cit. 
Tri-a-naphthylbis- do. 
muthine, bismuth oxy- 
chloride, and _ potas- 
sium chloride. 
Tri-a-naphthylbis- do. 
muthine, a-naphthyl 
thiocyanate and lead 
chloride. 


Tri-a-naphthylbis- Challenger and 


muthine, diphenyl-a- Allpress, zbid., 
naphthylbismuthine, 1921, 119, 
mercury di-a-naphthyl, 913. 


phenylmercuric brom- 
ide and _ bromoben- 
zene. 


268 ORGANOMETALLIC COMPOUNDS. 


ALIPHATIC COMPOUNDS OF THE TypE R,Bi. 


Trimethylbismuthine, (CH,),Bi.—This compound may be iso- 
lated 1 by the interaction of bismuth bromide and zine dimethyl in 
dry ether solution. The ether is distilled off in a carbon dioxide 
atmosphere, and after treatment of the residue with caustic soda, the 
bismuthine is distilled off in a current of hydrogen. 

A more recent method of preparation ? is as follows: 50 grams of 
crystalline bismuth trichloride are dissolved in 150 grams of 20 per 
cent. hydrochloric acid and shaken in a stream of carbon dioxide with 
60 grams of aluminium carbide, which is slowly added in portions of 
5 grams. The reaction takes about three hours to complete, after which 
the product is extracted three times with 200 c.c. of ether in an atmo- 
sphere of carbon dioxide or hydrogen, the ether then being removed 
in vacuo at 10° C. A yield of about 20 grams of trimethylbismuthine 
results from the foregoing quantities. 

Trimethylbismuthine is a transparent, highly refractive liquid, 
distilling in an indifferent gas stream at about 110° C., but exploding 
violently on heating in air. It fumes in air, and the vapours attack 
the mucous membranes. It is readily oxidised. It has a density of 
2°30 at 18° C. It is easily soluble in ether, alcohol, acetic acid or 
petroleum ether, insoluble in water, but decomposed on long boiling 
with the latter; it is volatile in steam. Contact with concentrated 
sulphuric acid causes explosion, but concentrated hydrochloric acid 
reacts as follows :— 

(CH,),Bi + 3HCl = BiCl, +38CH, 


Treatment with chlorine or bromine yields compounds of the type 
R,BiHal., and the type RBiHal., is produced by the action of bismuth 
chloride or bromide or mercuric halides. It does not react with methyl 
iodide at 150° C., but at about 200° C. ethane and methyl di-iodo- 
bismuthine are produced. 

Triethylbismuthine, (C,H;),Bi, has been obtained by the action 
of ethyl iodide on potassium-bismuth alloy,? and from bismuth bromide 
and zine diethyl. It is a fuming oil, distilling unchanged at 107° C. 
at 79 mm., and exploding when heated in air at ordinary pressures. 
Its density is 1:82. Its solubility and behaviour towards halogens is 
similar to that of the methyl compound. Evaporation of its ether solu- 
tion in the presence of air leads to the formation of bismuth hydroxide, 
and if the solution be saturated with hydrogen sulphide, bismuth 
sulphide separates. If to a warm dilute alcoholic solution of triethyl- 
bismuthine a similar solution of mercuric chloride is added, a precipitate 
of mercurous chloride is thrown down; but if the order of addition is 
reversed, ethylmercuric chloride and ethyldichlorobismuthine are pro- 
duced : 

(C,H;),Bi + 2HeCl, = 2C,H;,HgCl + C,H;BiCl, 

Triethylbismuthine sulphide, (C,H,;),BiS.—It has been stated 
that an ether solution of triethylbismuthine, when saturated with 


hydrogen sulphide, yields bismuth sulphide. When the latter is filtered 
off and the mother liquor treated with water, a yellow powder is 


1 Marquardt, Ber., 1887, 20, 1516. 2 Hilpert and Ditmar, Ber., 1913, 46, 3738. 
3 Breed, Annalen, 1852, 82, 106. 4 Diinhaupt, Annalen, 1854, 92, 371. 
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formed, insoluble in water but easily soluble in ammonium sulphide. 
This approximates to the composition (C,H,;),BiS.Bi,S3. 

Tri-isobutylbismuthine,! (C,H,),Bi, is prepared in a similar way 
to the methyl derivative, from zinc di-isobutyl and bismuth bromide, 
the reaction mixture being treated with sodium hydroxide, when the 
bismuthine separates out as an oil. It is a colourless liquid, B.pt. 
160° to 162° C. at 74 mm., having a faint odour, fuming in air and 
burning with a dull yellow flame. Even when distilled under reduced 
pressure it partially decomposes, with separation of metallic bismuth. 

Tri-isoamylbismuthine, (C,H,,),Bi, has similar properties to the 
foregoing compound, and distils in a carbon dioxide atmosphere at 
190° to 200° C. at 70 mm. 


ALIPHATIC COMPOUNDS OF THE TYPE R,BiX. 


Dimethylchlorobismuthine,? (CH,),BiCl.— When trimethylbis- 
muthine in petroleum ether is chlorinated, the solution being well 
cooled, the monochloro-compound separates out as a white micro- 
crystalline powder, which melts at 116° C. in a sealed tube. It is 
easily soluble in alcohol, but not in ether, and cannot be recrystallised 
without decomposition. 

Dimethylbromobismuthine, (CH,),BiBr, is obtained in a similar 
manner to the chloro-compound, the operation being carried out in 
a carbon dioxide atmosphere. It resembles the chloride in properties. 

Dimethylhydroxybismuthine, (CH,),.BiOH.—When trimethyl- 
bismuthine (2 mols.) and bismuth bromide (1 mol.) are allowed to 
react in ether solution, an oil is produced, which yields the hydroxide 
when treated with water. The compound is not stable when dry, and 
with hydrochloric acid it reacts as follows :— 


(CH,) BiOH +3HCl =2CH, + BiCl, +H,O 


When heated with methyl! iodide at 100° C., methyldi-iodobismuthine 
is formed, and with ammonium hydroxide or alcohol bismuth hydroxide 
is precipitated. 

Diethylbromobismuthine, (C,H;),BiBr, is prepared in a similar 
manner to the methyl compound, and is a white powder, igniting in 
air, with the formation of bismuth oxide. 

Di-isobutylbromobismuthine,®? (C,H,),BiBr, is obtained by 
bromination of the tertiary bismuthine in a carbon dioxide atmosphere. 
It forms white crystalline tablets, which are easily soluble in alcohol, 
but soluble with difficulty in ether or petroleum. On exposure to the 
air or on heating it burns with formation of bismuth oxide. 

Di-isoamylbromobismuthine, (C,H,,),BiBr, has not been isolated 
in a pure state, the product obtained forming white crystals, easily 
soluble in aleohol, but soluble with difficulty in ether. 


ALIPHATIC COMPOUNDS OF THE TyPpE RBiX,. 


Methyldichlorobismuthine, CH,.BiCl,.4—This compound is 
formed according to the equation : 


(CH,),Bi + 2BiCl, =3CH,.BiCl, 


1 Marquardt, Ber., 1888, 21, 2035. 2 Marquardt, Ber., 1887, 20, 1516. 
3 Marquardt, Ber., 1888, 21, 2035. 4 Marquardt, Ber., 1887, 20, 1516. 
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To a solution of bismuth chloride in acetic acid the calculated quantity 
of trimethylbismuthine is added, the methyldichlorobismuthine separat- 
ing out as yellowish-white plates, M.pt. 242° C. These are somewhat 
soluble in alcohol or acetic acid, but insoluble in ether. 

Methyldibromobismuthine, CH,.BiBr,, is prepared in the same 
way as the preceding compound, using bismuth bromide. It is a yellow 
powder, M.pt. 214° C., soluble with difficulty in alcohol, acetic acid or 
benzene, and insoluble in ether. 

Methyldi-iodobismuthine, CH,.Bil,, may be prepared by the 
usual method or by the interaction of trimethylbismuthine and methyl 
iodide at 200° C. It forms brick-red crystals, melting without decom- 
position at 225° C., somewhat soluble in alcohol, soluble with difficulty 
in hot acetic acid, and insoluble in ether. 

Methylbismuthine oxide, CH,;.BiO.—Two molecular equivalents 
of trimethylbismuthine in ether solution are treated with four equivalents 
of bismuth bromide, and the precipitate obtained, after washing with 
ether, is dissolved in alcohol. Addition of ammonium hydroxide to 
the solution precipitates the oxide, which is insoluble in water and 
soluble with difficulty in ammonia, but dissolves in dilute hydrochloric 
acid. It soon decomposes on warming or standing in the air. 

Ethyldichlorobismuthine, C,H;.BiCl,, may be prepared in a 
similar manner to the methyl compound, or by the action of mercuric 
chloride on alcoholic triethylbismuthine. It crystallises in plates, 
which yield ethyldi-iodobismuthine when treated with potassium iodide. 

Ethyldi-iodobismuthine,! C,H,;.Bil,, may be prepared (1) by the 
action of aqueous potassium iodide on ethyldichlorobismuthine, (2) by 
treating triethylbismuthine with ethyl iodide at a high temperature. 
It forms seven-sided golden-yellow plates, which are easily soluble in 
alcohol, soluble with difficulty in ether, and very slightly soluble in 
water. When an aqueous alcohol solution of the compound is treated 
with a slight excess of sodium hydroxide, a yellowish-white precipitate 
appears, which is not stable in the air when dry, and is probably ethyl- 
bismuthine owide, since it forms salts with acids. The alcoholic di- 
iodobismuthine solution, treated with hydrogen sulphide, deposits 
bismuth sulphide, and with silver sulphate the organic bismuth sulphate, 
presumably formed, decomposes when the solution is concentrated. 

Ethylbismuthine dinitrate, C,H;.Bi(NO,;).—When the fore- 
going di-iodo-compound is treated with alcoholic silver nitrate, the 
silver iodide filtered off and the filtrate concentrated, the cooled liquid 
solidifies to a crystalline mass, which on gentle warming explodes. 
Analysis shows the crystals to be the dinitrate. 

isoButyldibromobismuthine, C,Hy,.BiBr,, prepared from tri- 
isobutylbismuthine and bismuth bromide, crystallises in honey-yellow 
monoclinic prisms, which are readily soluble in alcohol or acetic acid, 
but soluble with difficulty in ether. It is unaffected by air, and melts 
at 124° C. When heated with methyl or ethyl iodide in a sealed tube 
at 150° C. the principal products appear to be trimethylbismuthine or 
triethylbismuthine, not tsobutyldi-iodobismuthine, which is unknown. 

isoAmyldibromobismuthine, C,H,,.BiBr,.—The product obtained 
melts at 184° C., but cannot be completely freed from bismuth bromide ; 
the determination of the metal is therefore high. 


1 Compare Diinhaupt, Annalen, 1854, 92, 371. 
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Triphenylbismuthine, 


may be obtained in a variety of ways: (1) By heating together equal 
weights of bromobenzene and sodium-bismuth alloy for a prolonged 
period. The yield is about 75 per cent.’ (2) By the action of phenyl! 
magnesium bromide on bismuth chloride or bromide.? To the solution 
from 11 grams of bromobenzene and 2-5 grams of magnesium in dry 
ether, 10 grams of anhydrous bismuth bromide are slowly added, the 
whole being cooled in water during the addition. The mixture is then 
heated for two hours on the water-bath, cooled and decomposed with 
water, the ether layer being separated off and dried. Distillation away 
of the solvent yields 6-5 grams (53 per cent.) of the crude bismuthine.® 
(3) When 3-5 grams of mercury diphenyl and 1-5 grams of bismuth 
bromide are mixed in dry ether, 1:6 grams of triphenylbismuthine are 
isolated, the yield being quantitative. (4) By heating mercury 
diphenyl and metallic bismuth in a stream of hydrogen at 250° C. for 
ten minutes a 41 per cent. yield of the bismuthine is obtained.° 

Triphenylbismuthine crystallises from ether or alcohol in colourless 
needles, M.pt. 78° C. Michaelis ® states that it exists in two forms, 
melting at 75° C. and 78° C. respectively, but this observation has 
never been substantiated. When treated with chlorine or bromine in 
suitable solvents it yields triphenylbismuthine dichloride or dibromide 
respectively, but with iodine, only diphenyliodobismuthine is produced, 
the pentavalent derivative in this case appearing to be unstable. 
With concentrated hydrochloric acid the bismuthine is decomposed, 
yielding benzene and bismuth chloride, and this reaction appears to 
be a general one, which may be used for the detection of aromatic 
bismuthines. An ether solution of triphenylbismuthine, when treated 
with bismuth bromide, is degraded to phenyldibromobismuthine,’ 
and with bismuth chloride the diphenylchloro-compound is produced.® 
When a benzene solution of triphenylbismuthine is refluxed with 
cyanogen iodide, diphenyleyanobismuthine is formed, and acetyl and 
benzoyl chlorides react with production of diphenylchlorobismuthine 
and acetophenone or benzophenone respectively, the operation being 
conducted in carbon tetrachloride. 

Tri-p-chlorophenylbismuthine,? 


ot > Bi 
esa 

1 Michaelis and Polis, Ber., 1887, 20, 52. 

2 Pfeiffer and Pietsch, Ber., 1904, 37, 4620; compare Stilp, Inaug. Dzssert. Rostock, 
1910. 

3 A slightly better yield is obtained if, instead of decomposing the mixture after 
heating on the water-bath, the ether first be distilled off and the residue baked on the 
water-bath for a day before decomposing it.— AUTHOR. 

4 Challenger and Allpress, Trans. Chem. Soc., 1921, 119, 9138. 

Hilpert and Griittner, Ber., 1913, 46, 1675. 

Michaelis and Polis, loc. cit. 

Michaelis and Marquardt, Annalen, 1889, 251, 323. 
Challenger and Allpress, T'rans. Chem. Soc., 1915, 107, 16. 
Chalienger and Ridgway, Trans. Chem. Soc., 1922, 121, 104. 
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is prepared by treating the ether solution of magnesium p-chloropheny] 
bromide from 50 grams of p-chlorobromobenzene, 6:3 grams of mag- 
nesium and 0-5 gram of iodine, with 24-6 grams of bismuth chloride in 
dry ether. When the reaction subsides the ether is removed and the 
mixture heated at 100° C. for four hours, then treated with water, 
phenyl halides or diphenyl derivatives being removed in steam, and 
the filtered residue extracted with acetone. The material deposited 
from the latter solvent on recrystallisation from ethyl acetate-acetone 
mixture melts at 116° C. The bismuthine is readily soluble in most 
organic solvents, but sparingly soluble in alcohol or light petroleum. 
With hydrochloric acid it yields chlorobenzene, and its behaviour 
towards the halogens is similar to that of triphenylbismuthine. 
Tri-p-bromophenylbismuthine, 


a >| Bi 


3 


is isolated as a white, granular powder, by the interaction of magnesium 
p-bromophenyl bromide (3 mols.) and anhydrous bismuth bromide 
(1 mol.). It melts at 149° C. and has a similar solubility to the chloro- 
derivative. 

Tri-p-nitrotriphenylbismuthine,! 


pox >| Bi 


3 


A solution of 2 grams of tri-p-nitrophenylbismuthine dichloride in 
10 c.c. of acetone is cooled to 0° C. and treated with 8 grams of sodium 
hydrosulphite. The yellow precipitate is removed at 0° C., washed 
thrice with water, dissolved in acetone and the solution allowed to 
evaporate spontaneously. The residue is heated to boiling in alcohol, 
the solution filtered and partly evaporated, a white powder resulting. 
Recrystallisation from acetone gives a product melting at about 121° C. 
The compound tends to decompose on standing. 
Tri-o-tolylbismuthine,? 


hee Bi 


is obtained (1) by heating o-bromotoluene and sodium-bismuth alloy 
in the presence of ethyl acetate for a long time at 180° to 200° C., (2) 
from o-tolyl magnesium bromide and bismuth bromide. It forms 
rhombic crystals, M.pt. 128-5° C., soluble in ether, benzene, chloroform 
or ligroin, less soluble in aleohol. When its alcohol solution is treated 
with mercuric chloride in the same solvent, a mercurichloride is pre- 
cipitated, (C,H,),Bi.HgCl,. This separates from hot acetic acid as 
fine white needles, M.pt. 148° C. | 


1 Supniewski, Rocz. Chem., 1925, 5, 298; Supniewski and Adams, J. Amer. Chem. 
Soc., 1926, 48, 507. 


2 Gillmeister, Ber., 1897, 30, 2843; Stilp, Inaug. Dissert. Rostock, 1910. 
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Tri-m-tolylbismuthine, ! 


os eae g 
CH, 3 


crystallises from acetone or alcohol in white needles, M. pt. 63 C2 
Tri-p-tolylbismuthine,?® 


jou >| ns 


3 


gives transparent prisms, M.pt. 119° to 120° C., easily soluble in 
benzene, chloroform or ligroin, sparingly soluble in alcohol. The yield, 
using the Grignard reaction for the preparation, is about 55 per cent. 
It forms a mercurichloride, which separates from hot acetic acid in 
glistening plates, M.pt. 234° C., readily soluble in chloroform, insoluble 
in alcohol or ether. The bismuthine reacts with thallic chloride to 
yield di-p-tolylchlorobismuthine and thallium di-p-tolyl chloride.‘ 
Tri-2-nitrotri-p-tolylbismuthine,? 


ae is 
NO, -!, 


is a yellow compound formed in a similar manner to the phenyl 
derivative. When purified from ethyl acetate it melts at 126° C. 
Tri-o-anisylbismuthine,® 


ale 


a3 


isolated from o-anisyl magnesium bromide and bismuth bromide, using 

iodine as a catalyst, may be crystallised from chloroform or benzene. 

It is a white crystalline powder, M.pt. 168° to 170° C., easily soluble in 

benzene, sparingly soluble in alcohol or ether. 
Tri-p-anisylbismuthine,’ 


jew.o-< >| Bi 


3 


may be obtained (1) by heating p-bromoanisole with sodium-bismuth 
alloy at 180° C., (2) from p-anisyl magnesium bromide and bismuth 
bromide, the product separating from alcohol-benzene as fine white 


1 Challenger and Allpress, Trans. Chem. Soc., 1921, 119, 913. 

2 Supniewski and Adams (loc. cit.) state that the purification of this compound from 
the Grignard reaction mixture is difficult owing to the trouble caused by the low-melting 
solid containing traces of toluene and *m-bromotoluene. The purest product results 
when crude tri-m-tolylbismuthine is converted into its dichloride and the latter reduced 
with sodium hydrosulphite. Such a preparation, when recrystallised from ligroin, melts 
at 68° C. 

3 Stilp, loc. cit. 

4 Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 256. 

5 Supniewski, loc. cit.; Supniewski and Adams, loc. cit. 

§ Stilp, loc. cit.; Supniewski and Adams erroneously claim to be the first investigators 
to obtain this compound. 

7 Gillmeister, Ber., 1897, 30, 2843; Stilp, Inaug. Dissert. Rostock, 1910. 
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crystals, M.pt. 168° C., which are easily soluble in chloroform, less 

soluble in petroleum ether. The melting-point of this substance as 

prepared by method (1) was given as 190° C. 
Tri-p-phenetylbismuthine,! 


Jono >| Bi 


3 


forms transparent monoclinic prisms, M.pt. 73° C. Halogen addition 
products of this substance appear to be unknown. 
Tri-p-cumylbismuthine, 


ce 


occurs as glistening rhomboidal plates, M.pt. 159° C., readily soluble 
in chloroform, benzene, ethyl acetate, petroleum or alcohol. 
Tri-m-xylylbismuthine,? 


hese 


CH,—, 


The same methods may be used for the preparation of this derivative 
as for the tolyl compounds. It crystallises in snow-white felted needles 
from chloroform-aleohol or benzene-alcohol, M.pt. 173-5° to 175° C. 
The yield is about 25 per cent., and the compound is readily soluble 
in benzene, toluene, chloroform or ligroin, soluble with difficulty in 
alcohol or ether. The mercurichloride separates from hot acetic acid 
in fine needles, M.pt. 160° C. 
Tri-p-xylylbismuthine,® 


is obtained only in 15 per cent. yield using the Grignard method of 
preparation. Its melting-point is variously given as 193° C. and as 
194-5° C. It is a snow-white crystalline substance, readily soluble in 
chloroform, benzene or ligroin, sparingly soluble in cold alcohol. It 
decomposes into xylene and bismuth chloride when warmed with 
concentrated hydrochloric acid; the m-compound undergoes similar 
decomposition in the cold. 
Tri-a-naphthylbismuthine,* 


3] 


This is prepared by the interaction of a-naphthyl magnesium bromide 
and bismuth bromide, the product being extracted from the decomposed 
Grignard residue by chloroform (yield, 60 per cent.). It forms pale 


1 Gillmeister, loc. cit. 2 Stilp, loc. cit. 
3 Gillmeister, loc. cit.; Stilp, loc. cit. 4 Stilp, loc. cat. 
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yellow felted needles, M.pt. 234° to 235° C., readily soluble in benzene, 
toluene, carbon tetrachloride or chloroform, sparingly soluble in ligroin, 
alcohol or ether. Its mercurichloride forms silvery, glistening plates, 
M.pt. 198° C., soluble in chloroform or acetic acid, insoluble in alcohol 
or ether. The bismuthine reacts with thallic chloride in ether solution 
yielding di-a-naphthylchlorobismuthine and thallium di-a-naphthyl 
chloride.? 
Tri- 8-naphthylbismuthine, 


OO 


results when the a-bromonaphthalene in the foregoing preparation is 
replaced by f-bromonaphthalene. It separates as white, glistening 
crystals, M.pt. 89° C., soluble in benzene, ligroin, chloroform, alcohol 
or ether. 

Diphenyl-a-naphthylbismuthine,? 


Le NS 
may be isolated (1) by treating a-naphthyl magnesium bromide with 
diphenylbromobismuthine, (2) from phenyl magnesium bromide and 
a-naphthyldibromobismuthine, (3) when triphenylbismuthine (2 mols.) 
and tri-a-naphthylbismuthine (1 mol.) are heated together at 190° C. 
for two hours. The compound melts at 118° to 119° C., and is readily 
soluble in benzene, chloroform or toluene, less soluble in alcohol or 
ether. With warm concentrated: hydrochloric acid it yields benzene 
and naphthalene. 
Tri-a-thienylbismuthine,? 


CH—CH CH—CH 

| | | | 

CEE. C Bi C CH 

Se 
é eon 
\cH =CH 


occurs in 60 per cent. yield when 20 grams of a-iodothiophene, 3 grams 
of magnesium and 6 grams of bismuth trichloride in 380 c.c. of ether, 
are allowed to react in 100 c.c. of ether. After boiling for two hours 
to complete the reaction, the mixture is allowed to stand overnight, 
then worked up in the usual manner. A slightly better yield results 
when a-bromothiophene is used. The bismuthine separates as rhombic 
erystals, M.pt. 187-5° C. (corr.), only sparingly soluble in ether, insoluble 
in petroleum ether. The product is best crystallised by solution in a 
little warm benzene and addition of four parts of petroleum ether. It 
slowly undergoes oxidation in the presence of air. 
1 Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 256. 


2 Challenger, T'rans. Chem. Soc., 1914, 105, 2210. 
3 Krause and Renwanz, Ber., 1929, 62, [B], 1710. 
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AROMATIC COMPOUNDS OF THE TypES RBiX, anv R,BixX. 


Phenyldibromobismuthine,! 


When 1-5 grams of triphenylbismuthine in ether are treated with 
3 grams of bismuth bromide in the same solvent, yellow crystals of 
the dibromobismuthine are deposited. These, when recrystallised from 
benzene, melt at 202° C. The same compound when prepared from 
diphenylbromobismuthine by the addition of one molecular proportion 
of bromine in dry chloroform, melts at 205° to 206° C. 
p-Chlorophenyldibromobismuthine,? 


7 oS ane 
C-< _>-BiBr, 


is the decomposition product formed when di-p-chlorophenylbromo- 
bismuthine is boiled in benzene; a poor yield also occurs when tri-p- 
chlorophenylbismuthine is treated with bismuth bromide : 


(C,H,Cl),Bi + BiBr, =(C,H,Cl),BiBr + C,H,Cl.BiBr, 
2(CgH,Cl),BiBr =C,H,CL.BiBr, + Bi(C,H,Cl), 


The bismuthine is only slightly soluble in hot benzene or hot chloroform, - 


and almost insoluble in all other solvents. It decomposes on standing 
for a few hours. 
p- Tolyldichlorobismuthine,® 


cH< BIC, 


obtained from tri-p-tolylbismuthine and bismuth chloride, separates 
from benzene as yellow needles, M.pt. 206° to 207° C., almost insoluble 
in most organic solvents. It is decomposed by alcohol or moist 
solvents and with hydrochloric acid forms toluene and bismuth chloride. 
During its preparation di-p-tolylchlorobismuthine is also obtained. 
a-Naphthyldibromobismuthine, 


may be prepared from tri-a-naphthylbismuthine (1 mol.) and bismuth 
bromide (1 mol.) in ether solution, or by heating dry tri-a-naphthyl- 
bismuthine dibromide for half an hour at 100° C., moisture being 
excluded. The compound forms deep orange crystals, M.pt. 208° C., 
is soluble with difficulty in benzene and practically insoluble in other 
solvents. 


* Challenger, Trans. Chem. Soc., 1914, 105, 2210; Proc. Chem. Soc., 1914, p. 229 ; 
Challenger and Allpress, Trans. Chem. Soc., 1921, 119, 919. ; 
2 Challenger and Ridgway, Trans. Chem. Soc., 1922, 121, 104. 
3 Challenger and Allpress, Trans. Chem. Soc., 1921, 119, 913. 
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Diphenylchlorobismuthine,! 


|. we |p 
When an ether solution of triphenylbismuthine is treated with bismuth 
chloride in the same solvent, the monochlorobismuthine is deposited 
as colourless crystals, M.pt. 184° to 185° C., readily soluble in dry 
chloroform, benzene or toluene, but only slightly soluble in light petro- 
leum or ether. The compound also results when iodine monochloride 
acts on triphenylbismuthine or diphenyl-a-naphthylbismuthine.? Traces 
of moisture cause decomposition, and it is therefore essential to re- 
crystallise the bismuthine from specially dried solvents. 

Diphenylbromobismuthine, (C,H;),BiBr,? may be obtained by 
the foregoing methods, or by the interaction of lead tetraphenyl and 
bismuth bromide: 4 


(CH;),Pb + BiBr, =(C,H;),PbBr, + (CsH,;)BiBr 


It is a heavy yellow powder, M.pt. 157° to 158° C., readily soluble in 
dry chloroform, but not soluble in ether, and decomposed by alcohol, 
which converts it into bismuth oxybromide. Triphenylbismuthine 
dibromide, when boiled with dry benzene, gives a good yield of diphenyl- 
bromobismuthine. 

Diphenyliodobismuthine, (C,H,),Bil.°—This compound occurred 
as the result of an attempt to prepare triphenylbismuthine di-iodide 
from triphenylbismuthine and iodine : 


(C,H,),Bi + I, =(C,H;) Bil + C,H,1 


It forms yellow needles, M.pt. 133° C., which may be recrystallised 
unchanged from dry chloroform, benzene or acetic acid, but are decom- 
posed by moisture, yielding bismuth oxyiodide and benzene : 


(C,H;) Bil + H,0 =2C,H, + BiOl 


Diphenylcyanobismuthine, (C,H,;),.BiCN.—When_triphenylbis- 
muthine and cyanogen iodide (14 mols.) are refluxed in benzene, the 
eyano-derivative is isolated as small transparent needles melting with 
decomposition at 210° C. The same product is obtained when an 
aqueous alcohol solution of triphenylbismuthine dichloride is heated 
with potassium cyanide.® It is sparingly soluble in benzene or alcohol 
and practically insoluble in ether or light petroleum. If its alcohol 
solution be concentrated, the compound is decomposed, triphenyl- 
bismuthine being produced. 

Diphenylthiocyanobismuthine, (C,H,),BiCNS, obtained from tri- 
phenylbismuthine dichloride and lead thiocyanate, forms pale yellow 
erystals of the monoclinic system ; the axial ratios a: b: c=2-4969: 1: 
3:0590, and the axial angle 8B =75° 54’. It melts at 122° to 122-5° C. 


1 Michaelis and Reese, Annalen, 1886, 233, 58. 
2 Challenger and Allpress, loc. cit. 
3 Michaelis and Marquardt, Annalen, 1889, 251, 327. 
4 Goddard, Ashley and Evans, Trans. Chem. Soc., 1922, 121, 978. 
5 Gillmeister, Ber., 1897, 30, 2843; Challenger and Allpress, Trans. Chem. Soc., 1915, 
107, 16. 
%, Challenger and Wilkinson, Trans. Chem. Soc., 1922, 121, 91. 
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and is soluble in the usual organic solvents with the exception of light 
petroleum. 
Di-p-chlorophenylbromobismuthine,}! 


Exe >| Bibs 

occurs together with p-chlorophenyldibromobismuthine when tri-p- 
chlorophenylbismuthine (2 mols.) in dry ether is treated with a similar 
solution of bismuth bromide (1 mol.). When crystallised from ether 
it melts at 159° C., and is readily decomposed by water and moist 
solvents. Warm alcoholic ammonia regenerates the tri-p-chlorophenyl- 
bismuthine. A solution of the bromo-derivative in hot dry benzene 
deposits a yellow solid, M.pt. 244° C. 

Di-p-chlorophenyliodobismuthine, (C,H,Cl),Bil, results from 
the interaction of iodine and tri-p-chlorophenylbismuthine. It is a 
yellow solid, M.pt. 113° C., readily soluble in chloroform or ether. On 
recrystallisation from chloroform-light petroleum, dry solvents (free 
from alcohol) being used, a red solid containing organic matter and 
readily soluble in most solvents is deposited with yellow crystals 
melting at 139° C. 

Di-p-tolylchlorobismuthine,? 


jcH.-< >| BiCl 


obtained in the usual manner, crystallises from dry chloroform-ether 
in transparent crystals, M.pt. 181° C., moderately soluble in hot benzene 
or chloroform, and almost insoluble in ether or light petroleum. 

Di-a-naphthylchlorobismuthine, (C,,H,),BiCl, forms fine yellow 
needles, M.pt. 168° C., moderately soluble in dry benzene or chloroform, © 
but only soluble to a slight extent in light petroleum or ether. The 
compound is extremely susceptible to traces of moisture, and even 
after keeping for a short time in a closed vessel loses its yellow colour 
and smells of naphthalene. 


AROMATIC COMPOUNDS OF THE TypE R,BiX,. 


Triphenylbismuthine difluoride,? 


[ae 


When triphenylbismuthine dichloride is boiled with excess of potassium 
fluoride in alcoholic solution containing a little water, the dichloride 
gradually disappears and is replaced by the difluoride. The latter 
melts at 158-5° to 159° C., is readily soluble in chloroform, acetone or 
ether, but less soluble in light petroleum. The crystals, which belong 
to the monoclinic system, give the axial ratios a:b:c=2-0201:1: 
1-1168, and the axial angle 6 =85° 42’. The fluorine may be removed 
from the compound by boiling with calcium or barium oxide in aqueous 
solution, and with sulphuric acid hydrogen fluoride is liberated. 


1 Challenger and Ridgway, loc. cit. 2 Challenger and Allpress, loc. cit. 
8 Challenger and Wilkinson, 7'rans. Chem. Soc., 1922, 121, 91. 
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Triphenylbismuthine dichloride, (C,H,;),BiCl,,1 occurs when 
chlorine is passed into a solution of triphenylbismuthine in ether, 
petroleum ether, chloroform or carbon tetrachloride. It crystallises in 
stout needles, M.pt. 126° C., soluble in alcohol, chloroform or benzene, 
practically insoluble in ether or petroleum ether. Moist silver oxide, 
alcoholic potassium hydroxide,” potassium cyanate and other inorganic 
salts react with the dichloride giving varying yields of triphenyl- 
bismuthine. When a chloroform solution of the dichloride is treated 
with moist ammonia, one chlorine atom is removed and _ triphenyl- 
bismuthine hydroxychloride results. When the dichloride is added to 
concentrated sulphuric acid it yields triphenylbismuthine sulphate and 
hydrogen chloride is evolved. “A dry benzene solution of the dichloride 
when boiled undergoes partial decomposition with formation of dipheny]- 
chlorobismuthine. 

Triphenylbismuthine dibromide, (C,H;),BiBr., is obtained by 
direct bromination of triphenylbismuthine. It melts at 122° C., and 
the value 128° to 124° C. has also been recorded, the rate of heating 
appearing to account for the discrepancy. It forms yellow crystals 
which are unstable in the presence of moisture, and even when heated 
at 100° C. for twenty minutes in a sealed tube the odour of bromo- 
benzene is apparent. When boiled in dry benzene, diphenylbromo- 
bismuthine is produced, and with moist ammonia the hydroxybromide 
is obtained. With ammoniacal hydrogen sulphide bismuth sulphide 
is quantitatively precipitated. If the dibromide is treated with the 
Grignard reagent, compounds of the types R,Bi and R,BiX are isolated. 

Triphenylbismuthine hydroxychloride, (C,H,;),Bi(OH)Cl.323— 
When the corresponding dichloride is dissolved in chloroform contain- 
ing a little light petroleum and moist ammonia is passed in, a white 
solid is deposited. This is collected and washed first with cold water 
and then with hot water to remove the ammonium chloride formed. 
The hot water produces effervescence and evolution of chloroform, 
which is apparently present as “‘ chloroform of crystallisation.”’ The 
pure compound is a white powder, M.pt. 160° to 161° C., completely 
soluble in cold chloroform, hot aleohol or nitrobenzene, moderately 
soluble in benzene, xylene, acetone or ether, and insoluble in water 
or light petroleum. When treated with methyl magnesium iodide only 
_ triphenylbismuthine and its dichloride are obtained. 

Triphenylbismuthine hydroxybromide, (C,H,;),Bi(OQH)Br, is 
prepared by the method detailed for the preceding compound. It is 
a yellow powder, M.pt. 147° to 148° C., resembling the hydroxychloride 
in solubility. 

Triphenylbismuthine dinitrate, (C,H;),Bi(NO3;).,* is deposited 
when alcohol solutions of the dichloride or dibromide and silver nitrate 
are mixed, filtered, and the filtrate concentrated. It crystallises in 
colourless needles which explode on heating and are soluble in chloro- 
form or benzene, less soluble in cold alcohol. With hydrochloric acid 
the dichloride is regenerated. 

Triphenylbismuthine carbonate, (C,H;),BiCO,.°—Triphenyl- 

1 Michaelis and Marquardt, Annalen, 1889, 251, 323. 

2 Challenger and Goddard, Trans. Chem. Soc., 1920, 117, 762. 

3 Challenger and Goddard, ibid. 

4 Michaelis and Marquardt, Annalen, 1889, 251, 323. 


5 Michaelis and Marquardt, ibid.; Challenger and Goddard, T'rans. Chem. Soc., 21920; 
117, 766. 
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bismuthine dibromide is suspended in alcohol and treated with an 
excess of solid sodium hydroxide, the whole being vigorously shaken 
during the operation. Carbon dioxide is then passed through the 
solution, the precipitate filtered off, washed with cold water and then 
boiled with water until a test portion of the liquor is halogen-free. 
The carbonate is a white powder, insoluble in organic solvents and 
yielding other salts with acids, carbon dioxide being evolved. 

Triphenylbismuthine diacetate, (C,H;),Bi(OCOCH;),!.—Tri- 
phenylbismuthine carbonate is dissolved in hot glacial acetic acid, the 
solution cooled and treated with water. A white precipitate is obtained 
which melts at 162° C. and is completely soluble in warm ethyl acetate, 
cold chloroform, nitrobenzene or warm’ xylene, moderately soluble in 
warm benzene, acetone, carbon tetrachloride or alcohol, insoluble in 
water or light petroleum. If the acetic acid solution of the acetate is 
allowed to stand for several days without the addition of water, long 
transparent needles separate, which soften at 130° C. and melt at 
136° to 187° C. This substance is an acid acetate, 2C,,H,,0,Bi.C,H,O,, 
and when triturated with water the normal acetate (M.pt. 162° C.) is 
obtained, which, if dissolved in acetic acid and allowed to crystallise, 
again yields the acid acetate. 

Triphenyibismuthine sulphate, (C,H,;),BiSO,.—The correspond- 
ing dichloride is dissolved in concentrated sulphuric acid, the tempera- 
ture being maintained at about 10° C., and after drawing air through 
the solution to remove hydrogen chloride, the mixture is poured on 
ice. The solid is well washed with water and extracted with boiling 
chloroform. The sulphate is a white solid, not melting at 300° C., 
and practically insoluble in organic solvents. : 

Dinitrotriphenylbismuthine dinitrate, (C,H,NO,),(C,H,) 
Bi(NOs),,? is isolated by nitrating triphenylbismuthine dinitrate or 
dichloride with “‘ mixed acid ” (2 parts H,SO, : 1 part HNO,), efficiently 
cooling the mixture. The mixed nitro-compounds thus obtained are 
extracted with hot chloroform, and from 10 grams of the mixed com- 
pounds 3 grams of the pure dinitro-compound result. It crystallises 
from chloroform in pale yellow prisms which explode at about 150° C. 
and are soluble in acetic acid, but insoluble in ether, petroleum ether 
or carbon disulphide. It soon decomposes in contact with cold alcohol, 


the odour of nitrobenzene becoming apparent. The addition of am-. 


monium sulphide to an alcoholic ammonia solution of the nitro-com- 
pound causes complete decomposition. 

Dinitrotriphenylbismuthine dichloride, (C,H,NO,),(C,H;)BiCl,, 
occurs when the foregoing compound in acetic acid solution is treated 
dropwise with concentrated hydrochloric acid. The white precipitate 
which is formed is filtered off, washed with water and crystallised from 
benzene, fine needles, M.pt. 136° C., being deposited. On rapid heat- 
ing the compound explodes. It dissolves readily in chloroform or 
benzene, is sparingly soluble in ether or acetic acid, insoluble in petro- 
leum ether. When treated with ammonium sulphide it decomposes. 

Trinitrotriphenylbismuthine dinitrate, (C,H,NO,);Bi(NO,),.° 
—To 100 c.c. of fuming nitric acid, previously cooled to 0° C., 10 grams 


1 Challenger and Goddard, loc. cit. 

* Gillmeister, Ber., 1897, 30, 2843. 

* Supniewski, Rocz. Chem., 1925, 5, 298; Supniewski and Adams, J. Amer. Chem. 
Soc., 1926, 48, 507. 
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of triphenylbismuthine dinitrate are added and the mixture placed in 
an ice-chest for twelve hours. The precipitate then produced by pour- 
ing the solution into 500 c.c. of ice water is filtered off, washed with 
water, dried and recrystallised from ethyl acetate. A pale yellow 
product results, which explodes when heated at about 147° C. Further 
recrystallisation from acetic acid lowers the melting-point to about 
140° C., and the compound no longer explodes. Subsequent crystallisa- 
tions cause further falls in the melting-point, indicating decomposition 
of the compound. 

Trinitrotriphenylbismuthine dichloride, (C,H,NO,),BiCl,, 
occurs when the preceding compound in acetone is boiled with con- 
centrated hydrochloric acid. The dichloride is precipitated by the 
addition of a large bulk of water, dried, and recrystallised from ethyl 
acetate, when it melts at 182° to 134° C. 

Triphenylbismuthine dicyanate, (C,H;),Bi(OCN),.1—The corre- 
sponding dichloride (1 mol.) and silver cyanate (2 mols.) are shaken 
together in dry ether for four hours. The insoluble residue is ex- 
tracted with chloroform and the resulting solid is twice crystallised 
from chloroform-light petroleum, the product melting at 128-5° to 
129° C. The dicyanate evolves ammonia when warmed with aqueous 
alcohol (1:1), and when heated to 150° C. it decomposes, yielding a 
pungent oil. 

Triphenylbismuthine dibenzoate, (C,H;),Bi(OCOC,H;),, is the 
product of reaction between triphenylbismuthine and benzoyl peroxide 
or between triphenylbismuthine dichloride and silver benzoate. It is 
a pale yellow solid, M.pt. 171-5° C. 

Tri-o-tolylbismuthine dichloride,’ 


an 


oecurs when dry chlorine is passed into an ice-cooled solution of tri- 
o-tolylbismuthine in alcohol. It separates from alcohol-chloroform as 
white, rhombic crystals, M.pt. 162° C., soluble in warm benzene, chloro- 
form or acetic acid, insoluble in cold alcohol or petroleum ether. 

Tri-o-tolylbismuthine dibromide, (C,H,.CH,),BiBr,, separates 
from benzene in pale yellow needles, M.pt. 127° C., slowly decomposing 
in*the air. 

Tri-o-tolylbismuthine dinitrate, (C,H,.CH,),Bi(NO;),,° is pre- 
pared in the usual manner and decomposes with explosion and without 
melting on heating. It separates from chloroform or benzene in 
rhombie crystals. . 

Trinitrotri-o-tolylbismuthine dichloride, (CH3;.C,H,.NO,), 
BiCl,.4—A mixture of 10 grams of dry tri-o-tolylbismuthine dichloride 
and 10 grams of finely powdered silver nitrate is dissolved in 60 c.c. of 
fuming nitric acid at 0° C. After twelve hours water is added, the 
precipitate filtered off and extracted with acetone to remove organic 
matter from the silver chloride. The acetone solution is boiled with 
hydrochloric acid and the precipitate which forms is recrystallised 

1 Challenger and Wilson, J. Chem. Soc., 1927, p. 209. 
2 Gillmeister, Ber., 1897, 30, 2843; Stilp, Inaug. Dissert. Rostock, 1910. 


3 Gillmeister, loc. cit. 
4 Supniewski and Adams, loc. cit. 
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from ethyl acetate. The product thus obtained melts at 149° to 150° C. 
and is very unstable, decomposing on standing and always possessing 
an odour of nitrotoluene. 

Tri-o-carboxytriphenylbismuthine dichloride, (C,H,.COOH), 
BiCl,, is the oxidation product of tri-o-tolylbismuthine dichloride using 
chromic acid in glacial acetic acid solution at 68° to 70° C. for the 
purpose of oxidation. The yield is only about 15 per cent. The 
product is white and melts at 157° to 159° C. 

Tri-m-tolylbismuthine dichloride, 


obtained in the usual manner, separates from acetone as white crystals, 
M.pt. 132° to 138° C. 

Tri-m-tolylbismuthine dibromide, (C,H,.CH;),BiBr,, melts at 
52° C., and cannot be purified by crystallisation, as it rapidly decom- 
poses in the air.! : | 

Tri-m-tolylbismuthine diacetate, (C,H,.CH;),Bi(QCOCH,),..— 
A solution of 10 grams of tri-m-tolylbismuthine dihalide in 150 c.c. of 
glacial acetic acid is heated under reflux with an excess of a saturated 
solution of lead acetate in glacial acetic acid. The lead halide is 
filtered off and the filtrate, on cooling, deposits white crystals. Purifi- 
cation from acetone gives a product of melting-point 148° to 149° C. 

Tri-p-tolylbismuthine dichloride,? 


CH, _ | BiCl, 
crystallises in fine white needles from chloroform-alcohol, M.pt. 147° C., 
readily soluble in benzene, chloroform or hot alcohol, but sparingly 
soluble in ether, petroleum ether or cold alcohol. 

Tri-p-tolylbismuthine hydroxychloride, (CH;.C,H,),Bi(OH)Cl, 
is obtained by prolonged boiling of the foregoing dichloride in very 
dilute alcohol. It is a white crystalline powder, M.pt. 154° C. with 
decomposition. 

Tri-p-tolylbismuthine dibromide, (CH ;.C,H,),BiBr,, crystal- 
lises in glistening yellow needles from a mixture of benzene and alcohol. 
It melts at 111° to 112° C. and has a similar solubility to the corre- 
sponding phenyl compound. 

Tri-p-tolylbismuthine hydroxybromide, (CH;.C,H,), 
Bi(OH)Br, is a yellow powder, M.pt. 140° C. 

Tri-p-tolylbismuthine dinitrate, (CH,.C,H,),Bi(NO3).,_pre- 
pared in a similar manner to the phenyl compound, forms glistening 
needles or leaflets, exploding on heating and readily soluble in chloro- 
form, sparingly soluble in alcohol. 

Tri-p-tolylbismuthine diacetate, (CH;.C,H,)3;Bi(OCOCHS),,° is 
obtained by a similar method to that detailed for the corresponding 
meta-compound. It forms white crystals, M.pt. 162° C. 


* Challenger and Pritchard (Trans. Chem. Soc., 1924, 125, 869) give the melting- 
point as 92° C. 

2 Michaelis and Marquardt, loc. cit.; Supniewski, loc. cit. 

3 Supniewski and Adams, loc. cit. 
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Tri-p-carboxytriphenylbismuthine dichloride, (C,H,.;COOH), 
BiCl,.—A solution of 2-2 grams of tri-p-tolylbismuthine dichloride in 
30 c.c. of acetone is prepared, and also a 2-5 per cent. aqueous solution 
of 4:4 grams of potassium permanganate. These two solutions are 
added alternately in small quantities at a time to 50 c.c. of water in 
a flask until the reaction is complete. During the operation the tem- 
perature must be kept below 20° C. The reaction mixture is finally 
shaken for half an hour, filtered from manganese dioxide, and the 
organic matter precipitated from the filtrate by the addition of 10 per 
eent. hydrochloric acid. The yield is about 1 gram, and the melting- 
point 130° C. When the compound is dissolved in water containing - 
sodium or potassium hydroxide, the addition of acetone or alcohol 
precipitates the corresponding alkali salt in crystalline form. 

Tri-p-carbomethoxytriphenylbismuthine dichloride, 
(C,H,.CO,CH,),BiCl,, occurs when the foregoing acid in absolute 
methyl alcohol saturated with hydrogen chloride is allowed to stand 
for two hours. The yield is poor and the product forms white crystals 
from methyl alcohol, M.pt. 103° C., which precipitate bismuth hydroxide 
on warming with alcohol. 

Trinitrotri-p-tolylbismuthine dinitrate, (CH ,.C,H,.NO,), 
Bi(NO3),.—This is prepared in a similar manner to the phenyl com- 
pound, by nitrating tri-p-tolylbismuthine dinitrate. The nitration 
requires two hours at room temperature. The product is a white 
crystalline powder, which, after crystallisation from acetone or ethyl 
acetate, explodes at about 160° C. 

Trinitrotri-p-tolylbismuthine dichloride, (CH ;.C,H;.NO,); 
BiCl,, isolated in the usual manner, is a white powder, which can be 
purified from acetone, and melts at 156° C. 

-Trinitrotri-p-carbomethoxytriphenylbismuthine dinitrate, 
(NO,.C,H;.CO,CH;),Bi(NO3)., is formed by nitration with fuming 
nitric acid at 0° C., and separates from acetone as a white crystalline 
powder which explodes at 150° to 160° C. 

Trinitrotri-p-carboxytriphenylbismuthine dichloride, 
(NO,.C,H;.CO,H),BiCl,, occurs when the foregoing dinitrate is boiled 
for an hour with 10 per cent. hydrochloric acid. The product is filtered 
off, dissolved in acetone and boiled with concentrated hydrochloric 
acid. As the solution cools a white precipitate is deposited, which is 
purified by crystallisation from acetone. It melts with decomposition 
at 250° to 260° C. 

Tri-o-anisylbismuthine dichloride, (CH,0.C,H,),BiCl,,? pre- 
pared by passing chlorine into a solution of tri-o-anisylbismuthine in 
dry carbon tetrachloride, is a white crystalline substance, M.pt. 174° C. 

Tri-o-anisylbismuthine dibromide, (CH,0.C,H,),BiBr,, M.pt. 
101° C., cannot be recrystallised owing to its tendency to change to 
the hydroxybromide. It is readily soluble in benzene, ligroin or 
chloroform, sparingly soluble in alcohol, insoluble in ether or petroleum 
ether. 

Tri-p-anisylbismuthine dichloride, (CH,0.C,H,),BiCl,,? is 
readily soluble in benzene or chloroform and melts at 183° C., but 
treatment with alcohol causes decomposition with formation of bismuth 
oxychloride. 

Tri-p-anisylbismuthine dibromide, (CH,0.C,H,),BiBr,, has a 


1 Stilp, loc. cit. 2 Gillmeister, loc. cit. 
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similar solubility to the foregoing dichloride. It forms yellow needles, 
M.pt. 103° C. It is not decomposed by boiling alcohol, and is stable 
in air. Ammonium sulphide decomposes it with formation of bismuth 
sulphide. 

Tri-p-cumylbismuthine dichloride, (C,H,.C,H,),BiCl,, pre- 
pared in the usual manner, melts at 208° C. and is soluble in most 
organic solvents. 

Tri-p-cumylbismuthine dibromide, (C,H,.C,H,),BiBr,, melts 
at 150°C, 

Tri-m-xylylbismuthine dichloride,! 


ARE eas 
bs Say ‘i Cl, 
CH,—, 


obtained by the chlorination of the bismuthine in dry ether, chloroform 
or carbon tetrachloride, forms small, glistening prisms, M.pt. 161° C. 

Tri-m-xylylbismuthine dibromide, [(CH;),C,H,|,BiBr.,, occurs 
when the components are brought together in petroleum ether. It 
separates from alcohol-benzene in fine needles, M.pt. 117° C. 

Tri-m-xylylbismuthine hydroxybromide,  [(CH,;),.C,H3|, 
Bi(OH)Br,? is isolated when the bromination of tri-m-xylylbismuthine 
is carried out in alcohol instead of in petroleum ether. Crystallisation 
from alcohol-benzene yields a pale yellow crystalline powder, melting 
at 250° C. with marked decomposition. 

Tri-p-xylylbismuthine dichloride,? 

C 


Hs 
| 
< »- |Bicl, 
CHI, 

crystallises in fine white needles, M.pt. 167-5° C. If its chloroform or 
benzene solution be treated with warm alcohol, decomposition gradually 
takes place with deposition of bismuth oxychloride. 

Tri-p-xylylbismuthine dibromide, [(CH,),C,H;],BiBr.,, yields 
warty yellow needles, M.pt. 180° C., which are affected by heating with 


alcohol in the same way as the dichloride. 
Tri-a-naphthylbismuthine dichloride,‘ 


Gos Bil 


The chlorination of tri-a-naphthylbismuthine is carried out in dry © 
chloroform and the dichloride precipitated by the addition of light 
petroleum. Crystallisation from chloroform-petroleum gives a product 
melting sharply at 166° C. It is a yellow, crystalline powder, readily 
soluble in chloroform, moderately soluble in acetone or benzene, and 
insoluble in light petroleum. Heating for several hours at 100° C. 
does not affect it, and it is also stable towards hydrochloric acid. When 


1 Michaelis and Marquardt, loc. cit. 

2 Stilp, loc. cit. 

3 Gillmeister, loc. cit. 

4 Challenger and Goddard, Trans. Chem. Soc., 1920, 117, 772. 


ORGANOMETALLIC DERIVATIVES OF BISMUTH. 285 


shaken with a suspension of silver oxide in moist acetone the two atoms 
of chlorine are removed. 

Tri-a-naphthylbismuthine dibromide, (C,)H,),BiBr,,! is pre- 
pared by the bromination of the bismuthine in dry chloroform. It is 
precipitated by the addition of an excess of dry ether, and crystallisation 
from dry benzene-absolute alcohol gives a yellow crystalline powder, 
M.pt. 124° C., readily soluble in benzene or chloroform, sparingly 
soluble in cold alcohol, insoluble in ether. It tends to lose bromo- 
naphthalene on warming at 100° C., and when treated with phenyl 
magnesium bromide (2 mols.) it gives principally tri-a-naphthyl- 
bismuthine and traces of diphenyl-a-naphthylbismuthine, but when 
only one equivalent of Grignard reagent is used unchanged dibromide 
and a-naphthyldibromobismuthine are the only products isolated. 
_ Methyl magnesium iodide merely removes the bromine from the di- 
bromide, and mercury diphenyl yields tri-a-naphthylbismuthine and 
a little diphenyl-a-naphthylbismuthine.? 

Diphenyl-a-naphthylbismuthine dichloride, (C,H;),(C, )H-,) 
BiCl,,? separates in pale yellow crystals from dry alcohol-free chloro- 
form on the addition of light petroleum, M.pt. 141° to 142° C., insoluble 
in acetone. Moist silver oxide in acetone suspension removes the 
chlorine atoms. . 

Diphenyl-uw-naphthylbismuthine dibromide, (C,H;),(C,)H-) 
BiBr,,* M.pt. 141° to 142° C., forms pale yellow crystals from chloro- 
form-petroleum solution, which are insoluble. in acetone. The halogen 
is removed by moist silver oxide, the bismuthine being regenerated. 

w-Tristyrylbismuthine,® (C,H;CH: CH),Bi, has been isolated 
only in very small quantity, and its physical constants have not 
been determined. The scheme for the production of this derivative 
is as follows: C,H;.CH: CHCOOH —— C,H,;.CHBr.CHBr.COOH 
——> C,H,.CH : CHBr —~— C,H;.CH : CHMgBr —— (C,H;.CH : CH),Bi. 
During the preparation some diphenylbutadiene is produced. 


HETEROCYCLIC SYSTEMS CONTAINING BISMUTH.® 


Ethylcyclopentamethylene bismuth, 


This compound is produced by the interaction of ethyldibromobis- 
muthine and the Grignard reagent derived from 1 : 5-dibromopentane. 
It is a viscous oil, distilling at 108° to 112° C., heavier than water and 
possessing an unpleasant and persistent odour. It becomes turbid in 
the presence of traces of oxygen, is actively oxidised in the air, igniting 
readily. Ifa piece of paper be saturated with the oil, it inflames after 
a few seconds, emitting dense yellow fumes. 


1 Stilp, loc. cit. 

2 Challenger and Allpress, T’rans. Chem. Soc., 1921, 119, 913. 
3 Challenger and Wilkinson, Trans. Chem. Soc., 1922, 121, 91. 
4 Challenger and Goddard, Trans. Chem. Soc., 1920, 11'7, 772. 
5 Fabrykant, Bull. pharm. Inst. Poland, No. 2, 1927, p. 1. 

§ Griittner and Wiernik, Ber., 1915, 48, 1473. 
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ARSENIC-BISMUTH DERIVATIVES. 


4-Acetylaminophenylarsenobismuth bromide,! 


CH,.CONH<  >-As=BiBr 


4-Acetylaminophenylarsine (2-1 parts) is dissolved in 30 parts of methyl 
aleohol containing hydrogen bromide, and 4-5 parts of bismuth tri- 
bromide in methyl alcohol added. Addition of ether precipitates a 
heavy black powder, decomposed by acids and alkalis. | 

3-Amino-4-hydroxyphenylarsenobismuth chloride hydro 
chloride, 


HO io Ne pat 
Se, 
NH,.HCl 


This derivative is obtained by condensing 3-amino-4-hydroxypheny]- 
arsine with bismuth chloride in methyl alcohol solution in the presence 
of hydrogen chloride. It is a black powder, decomposing in a similar 
manner to the preceding compound, and even boiling its aqueous solu- 
tion leads to decomposition. 
Tris-3-amino-4-hydroxyphenylarsenodibismuth dihydro- 


chloride,” 
PO AES eee ie Ln eae 
bs < y As = Bi ie Nene OH 
NH,.HCl : NH,.HCl 


This compound is prepared by mixing 3-amino-4-hydroxyphenylarsine 
in methyl alcohol with a similar solution of bismuth trichloride. It — 
is black in colour, its aqueous solutions are decomposed on boiling, 
and hydrogen peroxide in alkaline solution instantly causes decom- 
position, with formation of 3-amino-4-hydroxyphenylarsinic acid and 
bismuth oxide.? 


Tue DETERMINATION OF BISMUTH IN PENTAVALENT 
BisMUTH COMPOUNDS.4 


The substance (0-2—0-3 gram) is treated with about 10 c.c. of an 
ammoniacal solution of hydrogen sulphide and the mixture evaporated 
to dryness in an air-bath at 115° to 125° C., the hydrocarbon formed 
during the decomposition being driven off and the residue of bismuth 
sulphide and sulphur boiled for a few minutes with 10 c.c. of con- 
centrated hydrochloric acid. The solution is then filtered, diluted 
with water, hydrogen sulphide passed in, and the precipitated bismuth 
sulphide filtered off on a Gooch crucible, washed with carbon disulphide, 
dried, and weighed. 


1 German Patent, 269745. 

* Ehrlich and Karrer, Ber., 1913, 46, 3564. 

3 When an alkali bismuth tartrate and the disodium salt of ‘“‘Salvarsan’’ are mixed in 
aqueous solution and the whole poured into ether-methyl alcohol solution, a complex 
is precipitated which is said to have the general formula, R.As : Bi.As(R).Bi: As.R,, where 
R is an aminoaryl radical (American Patent, 1605691). 

4 Challenger and Goddard, Trans. Chem. Soc., 1920, 117, 762. 
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MIXED STIBINEs.! 


Ethyldi-n-butylstibine, (C,H,)(C,H,),Sb.—50 grams of ethyldi-iodo- 
stibine in 200 c.c. of ether are added to the Grignard reagent from 
12 grams of magnesium and 69 grams of n-butyl bromide in 300 c.c. 
of ether. The preparation is carried out in an atmosphere of hydrogen, 
the resulting mixture treated with ammonium chloride solution, the 
ether layer dried, the solvent expelled in a stream of carbon dioxide, 
and the residual liquid fractionally distilled under reduced pressure. 
The yield of stibine is about 4 grams. It boils at 147° C. at 43 mm., 
and the density is 1-155 at 17° C. 

The following compounds were prepared in a similar manner to the 
above stibine: Ethyldi-n-amylstibine, B.pt. 167° C. at 51 mm., density 
1-094 at 23° C.; ethyldicyclohexylstibine, B.pt. 122°-126° C. at 15 mm., 
density 0-914 at 13° C.; di-o-tolylethylstibine, B.pt. 196°-210° C. at 
10 mm. ; di-m-tolylethylstibine, B.pt. 211°-216° C. at 15 mm.; di-p- 
tolylethylstibine, B.pt. 226° C. at 5 mm. 


Tri-isobutylstibine oxide, (C,H,),SbO, occurs when the stibine 
in alcohol solution is shaken with red mercuric oxide, but air oxidation 
of the stibine yields a double owide, (C,H,),Sb0.Sb,03. 

Tri-isobutylstibine dichloride, (C,H,),SbCl,, obtained in the 
usual way, crystallises in rhombs from ether or carbon tetrachloride, 
melting at 91° C.; the dibromide, M.pt. 88° C., forms white rhombic 
plates from acetone, and the di-iodide gives pale yellow crystals melting 
at 70~C. 

Methyltri-isobutylstibonium iodide, (CH,)(C,H,),SbI, is slowly 
formed in a concentrated ethereal solution of the stibine and methyl 
iodide. It melts indefinitely above 155° C. The methiodide and 
mercuric iodide in hot alcohol form methyltri-isobutylstibonium mercuri- 
todide, yellow needles, M.pt. 119° C. A mercurichloride is known, and 
a chloroplatinate, orange needles, M.pt. 158° C. 


NAPHTHYL ANTIMONY COMPOUNDS.?2 


fb-Naphthylstibinic acid, C,,H,SbO(OH),—96 grams of f- 
naphthylamine in 8 litres of 2 per cent. hydrochloric acid are diazotised, 
and 300 c.c. of 80 per cent. hydrochloric acid added, followed, with 
continued cooling and stirring, by a solution of 96 grams of antimony 
trioxide in 300 c.c. of 80 per cent. hydrochloric acid. The precipitate 
is washed with water and added to 6 litres of N sodium hydroxide. 
It takes about four days for the evolution of nitrogen to be complete, 

1 Brinnand, Dyke, W. H. Jones and W. J. Jones, J. Chem. Soc., 1932, p. 1815. 

2 Brinnand, Dyke, W. H. Jones and W. J. Jones, loc. cit. 
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when the brown by-product is removed, and the filtrate acidified with 
hydrochloric acid. The precipitated B- naphthylstibinic acid is washed, 
dissolved in concentrated hydrochloric acid, and excess of solid am- 
monium chloride added. Ammonium f- naphthylchloroantimonate separ- 
ates as a yellow powder, is washed with concentrated hydrochloric 
acid, and added to 1 litre of water. The latter effects hydrolysis, and 
a pale salmon-coloured precipitate of f-naphthylstibinic acid separates. 
The acid does not melt below 200° C. 

B-Naphthylstibinoxide, C,,H, .SbO.—A solution of the foregoing 
compound in concentrated hydrochloric acid is diluted with aqueous 
methyl alcohol, cooled with ice, saturated with sulphur dioxide, after 
addition of sodium iodide, and poured after several hours on ice and 
aqueous ammonia. The oxide separates as a voluminous precipitate, 
which commences to decompose when heated to 160° C. 


ANTIMONYL @-TARTRATES.! 


Tetraethylphosphonium antimonyl d-tartrate is obtained in 
aqueous solution when equivalents of tetraethylphosphonium iodide 
and silver antimonyl d-tartrate are mixed in solution. The solution is 
filtered, and the tartrate isolated in quantitative yield by evaporating 
off the solvent. It forms a white powder, very soluble in water, but 
insoluble in ether, acetone, benzene, carbon disulphide, or chloroform. 
By a similar process tetra-n-propylphosphonium antimonyl d-tartrate is 
obtained. | 

Methyltri-n-propylstibonium antimonyl d-tartrate occurs 
when the foregoing phosphorus compounds are replaced by methyltri- 
n-propylstibonium iodide. The salt is very soluble in water. 

The specific rotations of a number of these antimony] tartrates 
have been measured in 2 per cent. aqueous solution, and the molecular 
rotations are given in the following table. In the third column are the 
pu values of N/100 aqueous solutions of these salts of antimony] tartaric 
acid. 


Antimonyl d-tartrate [M}5 Pu 
Tetraethylphosphonium ~~, 45677" 4-0 
5, -n-propylphosphonium . . 449-3° 3:8 

,, ethylarsonium ; : : ACT Fi 
Methyltriethylarsonium : . 458°9° 4-0 
Dimethyldi-n- propylarsonium : ¢. ho9-0° 4-0 
Methyltri-_,, As io 4 . 466-7° 3°6 
re » amyl ; . 457-5° 3°6 

y He propylstibonium : . 468:°2° 3-2 
Potassium . : ‘ wi 408- 4-0 


TRI-nN-ALKYLBISMUTHINES.” 


Tri-n-propylbismuthine, (CH,.CH,.CH,),Bi.—The Grignard re- 
agent from 61 c.c. of n-propyl bromide and 16-2 grams of magnesium 
in 200 c.c. of ether, is treated with 30 grams of bismuth chloride in 
350 c.c. of ether. The preparation is carried out in a hydrogen atmo- 
sphere in an apparatus very similar to that described on p. 171. The 


1 Brinnand, Dyke, W. H. Jones and W. J. Jones, loc. cit. 
2 Davies, Norvick and W. J. Jones, Bull. Soc. chim., 1931, [4], 49, 187. 
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bismuthine boils at 86° to 87° C. at 8 mm., and has a density of 1-621 
at 17° €. 

Tri-n-butylbismuthine, (CH;.CH,.CH,.CH,),Bi, is obtained in a 
similar way to the foregoing compound. The product boils at 124° C. 
at 7 mm., and has a density of 1-456 at 17° C. 

Tri-n-amylbismuthine, (CH,.CH,.CH,.CH,.CH,),Bi, boils at 
157° to 158° C. at 7 mm.; density 1-381 at 17° C. This product is 
distinctly yellow in colour, indicating nascent decomposition. 


The following. three tables give interesting comparisons of the alkyl 
derivatives of Group V elements of the Periodic Classification :— 


TABLE I.—BOILING POINTS. 


Phosphine Arsine Stibine Bismuthine 
Triethyl  . | 128-3° C. at 760 mm. |141° C. at 760 mm. | 160° C. at 760 mm. |107° C. at 79 mm. 
Tri-n-propyl | 103-5°C.,, 50 ,, Oi, Caran anne 6s 1007 Cuan 520-74, 86°-87° C. at 8 mm. 
pee puey = (1405) Cy, $5 55. (150° C5 41, 131° C.,, -12,, |124° C. at 7 mm, 
Baeciaye. | 180°9 Ci ., 4, 5, |179°-180°C,at3lmm.| 168°C. ,, 16 ,, -1157°-158° C.at 7mm. 


TABLE II.—BOILING POINTS AT 50 mm. 


Phosphine Arsine Stibine Bismuthine 
iriethyl  . Sy eal Oe 67° C. 83° C, 96° C. 
Tri-n-propyl | 103-5° C. 106° C. 116°-C. 127.°G 
ee SOULY |; 149-5° C, boo C, TOgeC. L736: 
Peewamyl.| .185-5. C. hoa G, 199° C, 209° C. 


TABLE III._DENSITY IN GRAMS PER C.C. 


Phosphine Arsine Stibine Bismuthine 
Triethyl . | 0-800 at 18-6° C. | 1-150 at 20° C. 1-324 at 16° C. | 1-82 
Tri-n-propyl | 0-807 ,, 25° C. | 1-031 ,, 17° C. 1-241 ,, 25° C. | 1-621 at 17° C. 
sebyes | OBL? %,,. i 5 0:993-,,, 21° C. BPO TA ihc, : 1-466 ,,°. 45 
eon Oak... | 0820... ,, O9307 2. 18°50." 1-136). 18°C, |. 1438 4, 


99 


ANTIMONY AND BismutTH THIENYL ComMPouUNDs.! 
Antimony tri-2-thienyl, 


1 Krause and Renwanz, Ber., 1932, 65, [B], 777. 
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is prepared in a similar manner to the corresponding arsenical com 
pound (this Volume, Part II, p. 413). It is very sensitive to air, and 
melts at 49° to 49-5° C. Its solution in ether in the presence of air 
slowly deposits pure antimony oxide. The reaction with hydrogen 
peroxide seems rather uncertain, but at least one thienyl group is 
eliminated. A solution of iodine in ether gives 2-iodothiophene and 
antimony tri-iodide. 

Chlorine reacts with antimony tri-2-thienyl to form the dichloride, 
M.pt. 229° C. (corr.) with decomposition. The corresponding di- 
bromide melts at 182-5° C. Treatment of these dihalides with potas- 
sium hydroxide transforms them into the owide, M.pt. 217° C. (corr.) 
with decomposition. 

Bismuth tri-2-thienyl, (C,H,S),Bi, in benzene solution is not 
affected particularly by air or hydrogen peroxide. The halogens in 
carbon tetrachloride solution, however, split out the bismuth completely. 


ANTIMONY DERIVATIVES OF 1: 2-DIMERCAPTOETHANE.! 
1-p-Tolylcyclo-2 : 5-dithio-3 : 4-dimethylenestibine, 


CH 's 
(RTE 

MA amet: 
CHS 


p-Tolyldichlorostibine (9 grams) and 3 grams of 1 : 2-dimercaptoethane 
in 80 c.c. of methyl alcohol give 6 grams of precipitate and a further 
2-5 grams on standing (total yield, 88 per cent.). The compound is 
washed with methyl alcohol and recrystallised from light petroleum, 
when a mixture of long needles and small nodules, M.pt. 90° C., is 
deposited. The former pass into the latter on standing with the 
mother liquor. By seeding solutions with either form, the compound 
easily crystallises in that form alone. 

1: 2-Dimercaptoethane has also been condensed with p- carboxy- 
phenyldi-iodostibine (M.pt. 120° to 132° C.), but no definite results have 
been obtained. 


DISTILLATION OF SOME ANTIMONY DERIVATIVES IN HicH Vacwua.2 


Phenyldimethyistibine cyanobromide, C,H,(CH;),Sb.CNBr, is 
isolated by slowly adding 18-4 grams of phenyldimethylstibine in 
90 c.c. of ether to a solution of 8-5 grams of dry cyanogen bromide in 
42 c.c. of ether, the reaction being carried out in a nitrogen atmosphere 
with good cooling. The cyanobromide which separates, melts at 
135° C., and at 150° C. methyl bromide splits out. The residue when 
rectified in a nitrogen vacuum yields 5 grams of phenylmethylcyano- 
stibine, B.pt. 115° to 118° C. 

Phenyldimethylstibine reacts with chlorine in carbon tetrachloride 
solution to give a dichloride which, heated in vacuo, decomposes at 
210° C. into dimethylchlorostibine and diphenylchlorostibine. Methyl- 
cyclopentamethylenestibine, B.pt. 73° to 73-5° C. at 17 mm., yields a 
dichloride, which decomposes in vacuo at 160° to 185° C. into methyl 
chloride and antimony cyclopentamethylene chloride, B.pt. 110° to 
111° C. at 138 mm. 


1 Clark, J. Chem. Soc., 1932, p. 1826. 
2 Steinkopf, Schubart and Roch, Ber., 1932, 65, [B], 409. 
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MISCELLANEOUS ANTIMONY COMPOUNDS. 


The following derivatives are isolated from the corresponding 
amines :—1 : 

m- and p-phenylene and 1: 4-naphthylene-distibinic acids; diphenyl- 
ene-pp-(pp-distibinotetraphenylene), 3: 3-dimethyldiphenylene-4 : 4’-, 
3 : 3-dimethoxydiphenylene-4: 4’-, and diphenylmethane-pp-distibinous 
oxides ;  benzophenone-pp-distibinic acid;  diphenyl-m-tolylmethyl- 
carbinol-ppp-tristibinic acid and -methane-ppp-tristibinous oxide; stil- 
bene-4 : 4’-distibinic acid and distibinous oxide; methylene- and ethylene- 
diaminophenylene-4 : 4'-distibinous oaides ;  bisphenylazomethine-pp'- 
distibinous oxide;  s-carbohydrazine-diphenylene-pp-distibimc acid; 
hydrazodicarbonamino-diphenylene-pp-distibinic acid ; hydrazobenzene- 
and benzanilide-pp’-distibinous owides ; triphenylphosphine-mmm-tri- 
stibinic acid, triphenylstibine-mmm-tristibinic acid ; sodium 3-carbo- 
benzyloxy-4-acetamidophenylstibinate, ? sodium 3-carbobenzyloay-4- 
propionamidophenylstibinate, sodium 3-carbobenzyloay-4-isobutyramido- 
phenylstibinate. 


1 Mistry and Guha, J. Indian Inst. Sci., 1932, 15 A, 25. 
2 Niyogi, J. Indian Chem. Soc., 1931, 8, 59. 
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Marie, 35-37, 41-43, 137, 161. 

Marquardt, 265, 268, 269, 271, 277, 279, 

282, 284. 

Marvel, 22, 63. 

Masson, 16, 21-23. 

Mathais, 107. 

Matsumiya, 197, 202, 209. 

May, 203, 204, 206, 214, 216, 225. 

Medox, 52, 61. 

Melchiker, 84, 112. 

Merck, 175-177. 

Meyer, 9, 11, 13, 24, 44, 57, 85, 157, 159, 

160. 

Michaelis, 29, 31-33, 39, 40, 47-50, 52-58, 
60, 62, 64-69, 72-76, 78, 80-95, 97-99, 
103-115, 117, 120-122, 124, 125, 148, 
146, 148, 149, 190, 193, 200, 203, 204, 
206, 207, 216-218, 221, 239, 261, 265, 
271, 277, 279, 282, 284, 

Micklethwait, 192, 193, 201, 203, 204, 206, 
207, 211, 216, 217, 221, 228, 239, 240. 

Miething, 98. 

Mingoia, 162. 

Mistry, 293. 

Monthulé, 165. 

Moore, 123. 

Morgan, 123, 168, 169, 173, 184, 185, 187, 
191-193, 200-202, 204, 206, 207, 211, 
216-218, 221, 228, 229, 233,235, 239, 
240, 255, 256, 261. 

Moslinger, 5. 


Mottek, 29, 33. 


NIERENSTEIN, 228. 
Niyogi, 231, 235, 293. 
Norvick, 290. 

Nylén, 162-154. 


Oum, 53. 
Oster, 81, 86. 


PAGE, 35; 37, 130. 

Paneck, 48, 84, 85, 105, 110, 112, 113, 117. 
Partheil, 5, 13, 19-22, 26, 180, 181. 
Paton, 95, 204, 265. 

Pearse, 13, 14, 23, 28, 58, 66, 68. 
Pebal, 9, 16, 17, 22. 

Peters, 96, 122, 205, 207. 

Pfeiffer, 52, 175, 192, 194, 200, 271. 
Pickard, 15-17, 94, 96. 

Pietsch, 271. 

Piper, 112. 

Polis; 271; 

Pollack, 132. 

Pope, 69, 70, 80, 91, 124. 
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Pringsheim, 165. 
Pritchard, 53, 192, 197, 202, 206, 265, 282. 


RavDcuiFFE, 60, 69, 70, 84, 91. 

vom Rath, 173. 

Rathsam, 95, 159. 

Ray, C., 23. 

Ray, N., 23. 

Razubaiev, 53. 

Razumov, 153, 154. 

Reese, 52, 190, 200, 202, 204, 216, 221, 239, 
2615 217: 

Reid, 230, 237, 252: 

Renwanz, 275, 291. 

Riddell, 237, 242, 244, 250. 

Ridgway, 265, 271, 276, 278. 

Roch, 292. 

Rocher, 89. 

Rohmer, 261. 

Rothe, 82, 85, 92, 93, 106, 107, 117, 123. 


SAcus, 160. 

Schlenk, 143. 

Schmidt, 192, 193, 203, 206, 211-214, 216— 
220, 223, 225-228, 230, 232-234, 236, 
237, 239, 240, 243-246, 251, 253, 260, 
261. 

Schnurmann, 175. 

Schroeder, 106, 107, 120, 121. 

Schubart, 292. 

Schweizer, 170, 176. 

Schwen, 181. 

Sella, 10, 12, 17, 24-26, 29, 30. 

Senderens, 225. 

Shaw, 156, 184. 

Silva, 16, 21. 

Simon, 168. 

Simons, 176. 

Smith, 95, 204, 265. 
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Séchtig, 91. 

Soden, 52, 94, 95, 97, 98, 103. 
Staudinger, ike 13, 57, 96, 157, 159, 160: 
Steinkopf, 149, lee 292. 

Stilp, 271, 273, 274, 283-285. 

Strecker, 36, 120, 175, 176. 

Supniewski, 272, 273, 280-282. 
Siisskind, 204. 


THENARD, 8. 


Usrer, 85, 106, 117, 122. 


VILLE, 42. 
Vining, 191, 211, 216. 


WALLINGFORD, 36, 142. 

Wanselin, 9, 12, 13. 

Wedekind, 60, 69, 84, 91. 

Weissberg, 10. 

Weller, 85, 106, 116, 117. 

Werner, 12. 

Westphal, 180. 

Whitby, 200, 203, 204. 

Wichelhaus, 16. 

Wiernik, 148, 171, 183, 184, 198, 209, 211, 
216, 285. 

Wild, 10, 16. 

Wilkinson, 200, 265, 267, 277, 278, 285. 

Wilson, 156, 184, 203, 204, 281. 

Worrall, 54, 64, 78, 96, 97, 99, 198, 202, 
209, 214, 218, 221, 237, 242. 


YARSLEY, 168, 169, 173, 185, 189, 194, 
207, 218, 221, 236, 242. 


ZECCHINI, 10, 21, 52, 81. 
Zepharovich, 37. 


SUBJECT INDEX. 


N.B.—Index is arranged under headings of elements placed in their order of appearing 
in the Periodic Classification. References in italics indicate where the preparation and 
properties of the compound in question may be found. 


Phosphorus. 


Allyldi-biphenylphosphine oxide, 99. 
Allylphenylphosphinic acid, 115. 
Allyltri-biphenylphosphonium bromide, 64, 99. 
Ammonium diethyldithiophosphinate, 38. 
m-Aminophenylphosphinic acid and salts, 108. 
5- 9 “= tolyl 29 29 9 29) 09) 110. 
3- ss oh or) BO 113. 
isoAmyldichlorophosphine, ae 
isoAmyldiphenylphosphine oxide, 98. 
Ba OS ss ss sulphide, 99. 
AS ear ss thiophosphinite, 92. 
»»  »9  Phosphine, 5, 34. 
»» 9, Phosphinic acid and salts, 5, 32, 34. 
» », Phosphinous acid and salts, 32, 34. 
»» 5, thiodichlorophosphine, 31. 
>» 9» 9» Phosphinic acid, 34. 
os triphenylphosphonium iodide, 62. 
Anhydro- -a- -hydroxybenzylphosphinic acid, 131. 
p-Anisyldichlorophosphine and derivatives, 84. 
1-Anisylideneindenyl-2-phosphinic acid, 164. 
p-Anisylphosphinic acid and salts, 115. 
» 9, phosphinous acid and derivatives, 105. 
» 95 phosphinoxide, 93. 


Benzophenone, reaction with hypophosphorous acid, 161. 
a phosphinic acid and derivatives, 120. 
p- Benzoyl- -a-4-methoxyphenylethylphosphinic acid and salts, 129. 
~ »  »3-phenylethylphosphinic acid, 129. 
“ > Styrylethyl a ee LOG: 
1- -Benzylideneindenyl-2-phosphinic acid, 164. 
Benzylphosphine, 49. 
» phosphinic acid, 115. 
», phosphinoacetic acid, 153. 
»,  tri-biphenylphosphonium bromide, 64. 


», triphenyl ty iodide and derivatives, 64. 
Bis-a-hydroxyisoamylhypophosphorous acid and derivatives, 43. 
Dp Oe 2”? -n-heptyl 29 9 ”? 29 ” ? 43. 
»  tsopropyl,, AS red Nie de 


Bistriethylphosphine dichloroplatinum compounds, Li; 
Bromo- f-benzoyl-a-phenylethylphosphinic acid, 129. 
Bromomethenyltris-triethylphosphonium bromide, 27. 
p-Bromophenyldichlorophosphine and derivatives, 83. 
$-Bromo-a-phenylethylphosphinic acid, 138. 
p-Bromophenylphosphine, 48. 
Set ada »,  phosphinic acid, 109. 
oo bake, », phosphinous acid and derivatives, 104. 
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> 


p- ’ 


w-Carbethoxytrimethylphosphonium hydroxide and derivatives, 156. 


99 


? 


> 
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Bromophenylphosphinoxide, 93. 
f-Bromo-a-phenylvinylphosphinic acid, 138. 
-m-tolylphosphinic acid, 111. 
triphenylmethoxyphosphorus dichloride, 151. 

»,  methylphosphinic acid, 151. 
isoButyldichlorophosphine, 31. 
diphenylphosphinate, 92. 

: phosphine oxide, 98. 


99 99 


sulphide, 92, 99. 


4 phosphinite, 92, 98. 
3 thiophosphinite, 99. 


phosphine, 5. 


phosphinie acid and salts, 34. 
phosphinous ,, , 32. 
thiodichlorophosphine, 31. 

», phosphinic acid, 34. 
triphenylphosphonium iodide, 62. 


5-Carboxy-2 : 4-dimethylphenylphosphinic acid, 118. 


p- 


99 


Le) 29 29 ’ 119. 
-4(or 2)- methyl a a » . and salts, 116. 
-5(or 3)- 29 9 re) 29 29 99.9 116. 
-5(or 2)- 99 99 = 8 Li7. 
phedaiphoephiae acid and derivatives, 110. 
29 oe) oe 29 9 eee 
9 ”9 ”? ” 9 ? ad, Le 121. 
ae re amide, 88. 
anilide, 88. 


99 


” Chloroisoamylphosphinic acid, 37. 
-p- carboxyphenylphosphinic acid and Pe} 112. 
methenyl-tris-triethylphosphonium chloride, 27. 
methyltriethylphosphonium chloride, 27. 
-3-nitro-2 : 4: 5-trimethylphenylphosphinic acid, 118. 
phenyldichlorophosphine and derivatives, 83, 89. 

»,  di-p-tolylphosphine, 55. 


a> 


29 


oxide, selenide, sulphide, 95. 


-a- phenylethylphosphinic acid, 138. 
phenylphosphenphenylhydrazone, 87. 
», phosphinic acid and salts, 48, 109. 
», phosphinous acid and derivatives, 104. 
» phosphinoxide, 93, 109. 
tolyldichlorophosphine, 84. 
-o- ,, phosphinic acid, 110. 
-M- 4, 9 


P- >. 


be tae 
», and derivatives, 112. 


-2:4:5- -trimethylphenylphosphinic acid, 117, 118. 


triethylphosphonium dithiocarboxylic acid, 11; platinichloride, 11. 


triphenylmethoxyphosphorus dichloride, 151. 
», | methylphosphinic acid, 151. 

B- Cinnamoyl- a-phenylethylphosphinic acid, 129. 

Cumyldichlorophosphine and derivatives, 85. 

phosphinic acid and salts, 114. 

phosphinousacid,, ,, , 106. 

Cyanurdi-triphenylphosphinimine monoazide, 160. 


tri- vs 


60; 


Cymyldichlorophosphine and derivatives, 84. 
phosphinic acid and salts, 114. 


99 


99 


phosphinous ,, 


99 Med 106. 


Diacetone chlorophosphine, 39, 40. 
phosphinic acid and salts, 40. 
phosphorus chlorobromide, 39. 


a> 


99 


99 


trichloride, 39. 


3: 3/- -Diaminodiphenylphosphinic acid, 121. 
Di-n-amyl]-p-anisylphosphine and derivatives, 59. 


ee ee 
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Di-n-amyl(p-ethylphenyl)phosphine and derivatives, 60. 
»» 9» 9», methyl-p-methoxyphenylphosphonium iodide, 69; chloroplatinate, 69. 


Seceia es, »  (p-ethylphenyl) . chloroplatinate, 68. 
aac) Lan »,  phenylphosphonium iodide, 68. 

”? -180 ” ” 2? 2? 9 ’ 8 

99 ~M- 55 29 -p-tolyl 29 29 > 68. 

” -180 ” 29 9 29 ”? 39 ’ 68. 

»-2- ,, phenylphosphine and derivatives, 58. 

9 -180 9 29 29 29 9 59. 


eerse. ys) puosphine, 6. 

9» »  »» Phosphinic acid, 39. 

»»-n- ,, -p-tolylphosphine and derivatives, 59. 

29 -180 5999 ) ” oe) 2”? ) 59. 

Dibenzyldichlorophosphine and derivatives, 86. 

», sobutyldiphenylphosphonium iodide, 99. 

,, benzylmethanephosphinamic acid and derivatives, 146. 

29 2” ” phosphinic 29 29 29 ? 146, 

eR ee »  phosphinoxide, 146. 

»» 595 phosphine, 47, 49, 50. 

»» 55 Pphosphinic acid, 120. 

2 », phosphinous ,, , 106. 
ap-Dibromo-a-phenylethylphosphinic acid, 138. 

Di-n-butyl-p-anisylphosphine, 59. 

,, -sobutylamine-dipiperidine-N-methylphosphonium iodide, 29. 

79 99 29 29 -N-phenoxymethyl 9 29 

,, -n-butyl(p-ethylphenyl)phosphine and derivatives, 60. 

29>», methyl-p-methoxyphenylphosphonium chloroplatinate, iodide, 69, 

beret. 95 »» phenylphosphonium ethiodide, iodide, 68. 


2 


99 “USO 45 “ - a iodide, 68. 
99 “N- oe) 29 -p-tolyl Le) oe) ? 68. 
” -180 2? 29 Oe 2? 29 ? 68. 
»»-n- ,, phenylphosphine and derivatives, 58. 
westSO: ys , 58. 


i eee », phosphinite, 104, 125. 
ees, 25>. phosphine, 6. 
»,-2- ,, -p-tolylphosphine and derivatives, 58. 
29 -080 99 99 9 29 oD) 9 ) 58. 
Dicamphorylphosphinic acid, 123, 124. 
Dicarboxydimethyldiphenylphosphinic acid, 123. 
2:5-,, ,,  -4-methylphenylphosphinic acid and salts, 119. 
2 : 6- 2 29 29 29 2? 2 29 2? 29 119. 
afB-Dichloro-a-phenylethylphosphinic acid, 138. 
»,  -0-tolylphosphinic acid, 110. 
Dicumylphosphinic acid, 123. 
Diethoxypseudocumylphosphine, 58. 
Diethylamine-N-ethoxymethylphosphonium iodide, 29. 
», tsoamylphosphine, 15, 28. 
S ataert sae > hydrochloride, 15. 


»  anisyl Ae and derivatives, 57. 

», benzyl i 99 - , O7, 99. 
», bromophenylphosphine, 58. 

» chloro ,, > , 07, 67, 


», eymylphosphine, 58. 

dibenzylphosphonium chloride, platinichloride, 65. 
», diphenyl uA iodide, * , 64. 
,,. dithiophosphinic acid and derivatives, 38. 
», (ethylphenyl)phosphine, 57. 
» methylanisylphosphonium iodide, 67. 
bromophenylphosphonium iodide, 67. 
. sy CLLLOLO 55 e ae, Ol: 
* » cymylphosphonium iodide, 68. 
(ethylphenyl)phosphonium iodide and derivatives, 67. 
mesitylphosphonium iodide, 68. 
e », -a-naphthyl a So ROS: 
x5 », phenetyl e », » platinichloride, 67. 
phenyl 2 , and derivatives, 67. 
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Diethylmethylpseudocumylphosphonium iodide, 68. 


99 99 -o-tolyl 9 29 ’ 67. 

9 99 of Oe 99 99 9 > 67. 

- » -m-xylyl ye »» » platinichloride, 67. 
», -a-naphthylphosphine, 58. 

»»  phenetyl a one 


Di-(p-ethylphenyl1)phosphinic ‘acid and derivatives, 122. 
Diethylphenylphosphinite, 103. 

of », phosphine and derivatives, 57, 66, 67. 
“ Y oxide, 98. 
MP phosphine, 6. 
oS re hydrochloride, hydriodide, 6. 
‘a - platinichloride, 6. 
»» phosphinic acid and salts, 38. 
»,  propylphosphine, 15. 
», pseudocumylphosphine, 58. 


9 -o-tolyl 99 9 a7, 67. 

99 iy 29 99 9 57. 

peer, if oxide, 98. 
xyly 1 , 58. 


Di- isohexylphenylphosphine, 59. 
Dihydroxydimethylphosphinic acid, 30. 
ap- ERC phenylethylphosphinic acid, 138. 
Dimethylaminophenyldichlorophosphine and derivatives, 143, 144, 145. 
diethylmethylphosphonium iodide and ‘derivatives, 145. 


“5 = ss a », phosphine and derivatives, 145. 

5s Fy) * », dimethylethylphosphonium iodide, 145. 

ae ds % 5, phosphine and derivatives, 144. 

‘oe 695 - », diphenylmethylphosphonium iodide and derivatives, 145. 
Sone aay i ss » phosphine, 145. 


4 te . »» phosphinic acid, 144. 

ee Bs », phosphinous acid and derivatives, 144. 

= trimethylphosphonium iodide, 144. 
Di(o- -methylamyl)methylphenylphosphonium mn ies 


99 99 9 ”? han oe -tolyl 9 Ste ue 68. 
99 99 *s »» phenylphosphine, 59. 
99°99 9 = Bs -tolyl 99 > 59. 


Dimethylbromoethylphenylphosphonium bromide and derivatives, 66. 
Di(dl- 6-methylbutyl)methylphenylphosphonium iodide, 68. 


Nd BEM 99 99 99 -p-tolyl 99 99 PY 68. 
Tenens: © A », - phenylphosphine and derivatives, 59. 
99955 92599 ” -p- -tolyl ” 99 29 » o9. 


Dimethyl- p- carboxypheny] “ oxide and derivatives, 98. 
»,  diethylphosphonium chloride, 14, 24, 28; iodide, 28. 
- diphenyl % platinichloride, 64; Spite OAs 
a ethylphosphine, 14, 24. 
2: 4- »»  phenylphosphinic acid, 116. 
3: 5- 29 9 29 De 2) 116. 
»  ethylphenylphosphonium iodide, 66. 
= phosphine, 6; hydrochloride, 6; platinichloride, 6. 
- phosphinic acid and salts, 6, 38. 
% phosphonium iodide, 3. 
- -p-tolylphosphine and derivatives, 56, 65, 76. 
* ep pee ora es Ba oxide and derivatives, 56, 98. 
ss »» 99 Pphosphorbetaine and derivatives, 76. 
bn -m-xylylphosphine and derivatives, 57, 65. 
Dinaphthapyrylphosphinous acid, 162. 
,», -a-naphthylphosphinic acid, 123. 
4: 4’-Dinitrodibenzyl 5 is pbb 
3:3’-  ,,  -4:4’-dimethyldiphenylphosphinic acid, 121. 
bs », diphenylphosphinic acid, 121. 
3:5-  ,,  -p-tolyl 5 » and salts, 113. 
3:6-  ,,  -2:4:5-trimethylphenylphosphinic acid and salts, 118. 
Diphenoxychlorophosphine, 36, 142, 143. 
pseudocumylphosphine, 55. 
Diphenyl-p- -anisylmethoxyphosphorus dichloride, 151. 
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Diphenyl-m-anisylmethoxyphosphorus dichloride, 151. 

ig -p- ,, methylphosphinic acid, 151. 
»  -p-benzoyl-a-phenylethylphosphinate, 130. 
9 ee een a dichloride and derivatives, 91. 
3 oxide, 9/, 98. 
% - B- “p- -chlorobenzoy]- a- phenylethylphosphine oxide, 140. 
»,  chlorophosphine, 47, 55, 90, 92, 97, 98, 139, 140; trichloride, 90. 
ae dichloro ,, , 86. 

BB- ,,  ethane-a-phosphinic acid, 165. 
je a! hydroxybenzylphosphinate, 142. 
#3 ee », phosphine oxide, 140. 
55 oe Pectep- chloroisopropylphosphinate, 143. 
. 5 », -a-methylbenzylphosphinate, 143. 
99 oats ssh Tat PLODY| 9 , 143. 
5 »,  wsopropylphosphinate, 142. 
a methanedichlorophosphine and derivatives, 85. 
Re », phosphine, 49. 
s », phosphine oxide, 93. 
bes »»  phosphinic acid and salts, 120. 
£ »,  phosphinous acid and salts, 107. 
ap -a-naphthylmethoxyphosphorus dichloride, 151. 


” e p- 29 9 sekols 

Be -a- a methylphosphinic acid, 151. 

9 - B- sol. 

sa phenyl- p- benzoylethylphosphinate, 143. 

os 5 Lee 3 % phosphine oxide, 140. 

” ” ” 29 9 vinyl , 141. 

nv a 5» 9», bromo-f- benzoylethylphosphine oxide, 140, 141. 
PS ee » 9» 9» -p-chlorobenzoylethylphosphine oxide, 14]. 


-p-chlorobenzoylvinylphosphine oxide, 141. 
om phosphine ‘and derivatives, 47, 50. 
- phosphinic acid, 92, 121. 
ys -p-tolylmethoxy phosphorus dichloride, 151. 
ve »» »» methylphosphinic acid, 151. 
»» 99 Phosphine, 55. 
BB- Diphenylvinylphosphinic acid and salts, 165. 
Di-n-propy]-p-anisylphosphine and derivatives, 59. 


+ 9» 9)  (p-ethylphenyl)phosphine and derivatives, 60. 

3» 9 33 Methyl-p-methoxyphenylphosphonium iodide, 69. 
29 999 » phenylphosphonium iodide, 68. 

23 2 ” oe) -p-tolyl 9 9 ’ 68. 

»» 9» 99 - phosphine and derivatives, 58. 

99 “USO 55 


,-n- ,,  phosphinic acid, 39. 

,-n- ,,  tolylphosphine, 58. 
Dipseudocumylchlorophosphine and derivatives, 90. 
»» phosphinic acid, 122, 123. 

Di-p- ‘tolylbenzylphosphine, 55. 

aieate. CHLOFO An and derivatives, 90. 

»» 9» »9 Phosphinic acid, 121, 125. 

»> 9» 9, thiochlorophosphine, 90. 

3» 99 99 99 Phosphinic acid and derivatives, 122. 


Ethoxydichlorophosphine, 142. 
Ethylbenzylaminophenyldichlorophosphine, 146. 
4 7 », phosphinous acid, 146. 
és 6 diethylphosphinoacetate, 153. 
9- ,, carbazole-3-phosphinous acid, 161. 
,, dibenzylphosphine, 54, 63. 
,, dichloro a ck mebing 
,, -a-diethylphosphinopropionate, 154. 
,, diphenyloxythiophosphinate, 90, 92. 
i »,  phosphinate, 91. 
a ie phosphine, 55. 
ie = se oxide, 55, 63, 90, 97. 
ne = me sulphide, 99. 
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Ethyldiphenylphosphinite, 91. 
»,  thiophosphinite, 90, 97, 99. 
Ethylene- bis-triethylphosphonium bromide, 30. 
- 93 5s chloride and derivatives, 30. 
ny 3 trimethylphosphonium bromide and derivatives, 29. 
», hexaphenylphosphonium bromide, 63. 
»  tetramethyldiphenylphosphonium bromide and derivatives, 67. 
trimethylammonium hydroxide triethylphosphonium hydroxide and 
derivatives, 26, 27. 
ue > phosphonium hydroxide triethylphosphonium hydroxide and 
derivatives, 29. 
Ethyl hydrogen triphenylmethylphosphinate, 151. 
p-Ethylphenyldichlorophosphine and derivatives, 85. 
es » ethylphosphinate, 92, 103. 


in » Methyl. 5, om bse 
D- -\s5 », phosphine and derivatives, 48. 
Sune », phosphinic acid and salts, 92, 114. 
ea », phosphinous,, ,, derivatives, 105. 


s 5, -a-phosphone propionate, 104. 

x », pseudocumylphosphinic acid and derivatives, 60. 
“ », -p-tolylbenzylphosphonium bromide, iodide, 69. 

* »» », phosphine and derivatives, 60, 69. 

4 phosphine, 4, 32. 

a a hydrochloride, hydriodide, platinichloride, 5. 
», phosphinic acid and salts, 32, 33. 

»» phosphinoacetate, 152. 

- by. formate and derivatives, 153. 

so ape se propionate, 154. 

»,’ Pphosphinous acid, 32. 

aR isopropylisobutylphosphine, 29. 

,, thiodichlorophosphine, 31. 

», tribenzylphosphonium chloride and derivatives, 63. 

», triphenylphosphonium iodide, 62. 

», tri-p-tolyl ae Aone ee 


n-Heptylphosphinic acid, 34. 
Hexamethyltriaminotriphenylphosphine, 145. 
Hydrindyl-2-phosphinic acid, 163. 

a-Hydroxyisoamylphosphinic acid and salts, 37. 


29 ” 29 29 phosphinous 29 29 Re) 42. 

a »,  benzylphosphinic acid, 131, 136. 

a »,  -sec-butyl-a-hydroxy-n- heptylhypophosphorous acid, 44. 
3 »,  -tsobutylhypophosphorous acid and salts, 42. 

29 9 ~SEC- g, 99 9 aa. 


p- os an 00n tas phosphinic noid. and salts, 36. 
a- », diphenylmethylphosphinic acid, 137. 


ts », -a-ethylbutylphosphinic acid and salts, 36, 137. 

»,  ethylhydroxyisopropylhypophosphorous acid, 41. 
fr »,  -n-heptylhypophosphorous acid and derivatives, 43. 
+ ss »» Pphosphinic acid, 34, 37. 


Oe + methylbutylhypophosphorous acid and salts, 42. 
= oe ote », phosphinic acid, 36. 
Be i Peta B-chloroethylphosphinic acid and salts, 37. 
a ae »» 9»  », dimethylpropylphosphinic acid, 37. 
», methylene camphor phosphinic acid and derivatives, 146. 
», methylphosphinic acid and salts, 35. 
a » -@-,, propylphosphinic acid and salts, 36, 137. 
3 », phenanthraquinone phosphinic acid, 132. 
‘ 5, -f-phenyl-a-benzylethylphosphinic acid, 137. 
a ,», -a(B-phenylethyl)-y- phenylpropylphosphinic acid, 137. 
y 5,  wopropyl-a-hydroxy-n-heptylhypophosphorous acid, 44. 
~ a: »» »,  hypophosphorous acid and salts, 35, 41, 44. 
Pr » phosphinic acid and salts, 35, 41, 136. 
fs triethylphosphonium dithiocarboxylic acid, il, 
os », -aff-trimethylpropylphosphinic acid, 137. 
m- »,  triphenylmethylphosphinic acid and derivatives, 151. 
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Indenyl-2-phosphinic acid and salts, 163. 
Indone ,, A Fe kash 


Mesityldichlorophosphine and derivatives, 85. 
phosphenphenylhydrazone, 87. 
phosphine and salts, 49. 
phosphinic acid and salts, 119. 
phosphinous,, ~ 55.5.5 L06. 
» phosphinoxide, 93. 

Methenyl-tris-triethylphosphonium chloride, iodide, 27. 
Methylallylphenyl-p-tolylphosphonium iodide and derivatives, 69. 
benzylaminophenyldichlorophosphine, 145. 

3 »» phosphinous acid, 145. 
ae re carbazole. 3- phosphinous acid, 161. 
47 4, <4 ‘carboxy diphenylphosphinic acid, 121. 
chlorophenyldi-p-tolylphosphonium iodide and derivatives, 64. 
diethylphosphine, 15. 
diphenylphosphine, 55, 65, 97. 


> 


9° 


99 


99 


> 99 99 oxide, 97. 
* Re -n »» » basic carbonate of, 63. 
» ditolyl nm » 55. 


Methylene-bis-triethylphosphonium chloride, 29. 
hexaethyldiphosphonium dichloride, 29. 


> 


, phenyl 55 iodide, 63. 
Methylethyldiphenyl » » picrate, platinichloride, 65. 
os i isopropylisobutylphosphonium iodide, 28. 
ss », phenylpseudocumyl a "and derivatives, 69. 
6A »» -~p-tolyl ib d-camphor sulphonate, 69. 


iodide and derivatives, 69. 
Bei caronyloheavinhosphinic ‘acid, 115. 
2-  ,, +pentanone-(4)-phosphinic acid-(3) and salts, 40. 
phenylaminophenyldichlorophosphine, 146. 
bes s »» phosphinous acid, 146. 
di. ,, 9 -p- -tolylbenzylphosphonium d- a-bromocamphor-z-sulphonate and 
derivatives, 70. 
bromide, 70; iodide, platinichloride, 71. 
e at OAS phosphine, 60. 
a phosphine, 3, 6. 
7 . hydriodide, hydrochloride, platinichloride, 4. 
phosphinic acid and salts, 32, 33. 
» » p-cresyl, m-cresyl, pseudocumenol and p-chlorophenol 
esters, 72, 73. 
isopropylphenylphosphinic acid, 114. 
a-  ,, styryl-f-phosphinic acid and salts, 164. 
-p-tolyldipiperidine-N-phosphonium iodide, 125. 
tri-biphenylphosphonium iodide, 64, 97. 
», sobutyl 20: 
triethylphosphonium chloride, 29; picrate, 155. 
hydroxide, i 27, 155. 
trimesitylphosphonium iodide, 64. 


99 99 


» triphenyl a chloride, 62; iodide, 62, 63, 97. 
», tripseudocumylphosphonium iodide, 64. 
», tri-p-tolyl A ,, and derivatives, 62. 
» 99 -m-xylyl “i ethiodide, iodide, platinichloride, 64. 
9 9 YEE 9 29 +) 29 > 64. 
C-Monoethyl phosphinoacetate and derivatives, 153. 
Biog: 


fe ” 9 ”? oe) 


a-Naphthyldichlorophosphine and derivatives, 86. 
phosphinic acid, 86, 120, 123. 
»»  phosphinous neice 106. 
3-Nitro-4- methoxyphenylphosphinic acid and salts, 115, 116. 
», benzylphosphinic acid, 115. 
G=—- 35 », trimethylphosphonium picrate, 156. 
m- 2”? be) 2? ”? 29 > 156. 
f Lee ” 29 9 2? ? 156. 


99 99 


2? 
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m-Nitro-p-bromophenylphosphinic acid and salts, 109. 
ae COLOLO) see a sane OD; 

phenyltrimethylphosphonium. picrate, 156. 

ees ok », phosphinic acid and salts, 108. 

5- -o-tolylphosphinic acid and salts, 110. 

3- 99 SDs 99 29 29 soll 2, 113. 

ee es triphenylmethoxy phosphorus dichloride, 151: 


99 29 


n-Octylphosphine, 5. 

99 39 99 hydriodide, 5. 

»» 95 phosphinous acid, 5. 
Oxyzsopropylphenylphosphinic acid, 115. 


Phosphinoacetic trianilide, 153. 
oo »,  tri-p-toluidide, 153. 
acetyl trichloride, 153. 
y- -n-butyric acid and derivatives, 154. 
p- - butyronitrile ethyl ester, 154. 
a- propionic acid, 153, 154. 
: be aN: ‘derivatives, 154. 
Phosphoarsenobenzene, 149. 
e benzene, 148. 
]- Piperonylideneindenyl- 2-phosphinic acid, 164. 
Propane-f-carboxylic acid a-phosphinic acid and salts, 40. 
n-Propyldichlorophosphine, 31. 
VSO. ie. BL! 
diphenylphosphinate, 92. 
phosphine oxide, 63, 98. 
ae a ae ee sulphide, 92, 99. 
phosphinite, 92, 97. 
a 3 »,  thiophosphinite, 99. 
m- ,, phosphine, 5. 
} 5 


99 99 99 


oe 9° 9 


m- ,, phosphinic acid and salts, 33. 
480 , d4. 
phosphino- carboxylic acid and salts, 40. 
n- ,,  phosphinous acid, 32. 
180 55: A VE 
lis thiodichlorophosphine, al 
triphenylphosphonium iodide, 62. 


Zeya A“ A bromide, 63; iodide, 62. 
n- ,,  tri-p-tolyl - iodide, 63. 
480 sys OS 


Pseudocumyldichlorophosphine and ‘derivatives, 122. 
phosphine and salts, 49. 
», phosphinic acid and salts, 117, 118. 
p- -Phenetyldichlorophosphine, 85. 
phosphinic acid and salts, 116. 
»  phosphinous acid, 105. 
” Phenoxydichlorophosphine, 142. 
Phenyl f-benzoyl-a-phenylethylphosphinate, 130. 
Be et yale tye a », phosphinic acid, 133. 
29 29 29 styryl 99 29 99-9 136. 
benzylmonothiophosphinic acid, 104. 

- h-bromo-f-benzoyl-a- -phenylethylphosphinic acid, 133. 
a- ,,  -f(a’-bromocinnamoyl)-ethylphosphinic acid, 135. 
tsobutylphosphinic acid, 125. 
cyclopentamethylenephosphine and derivatives, 148. 
ie » tetra By ethylphosphonium iodide, 147. 

29 29 29 29 methyl 29 2? ’ 147. 
phosphine and derivatives, 147. 

-n-propylphosphonium iodide, 147. 
~SEC- ,, 2” 29 ? 147. 
is di-n- amylphosphine, 68. 
dibenzylphosphine and derivatives, 54. 

a- ,,  -£(dibromohydrocinnamoyl)-ethylphosphinic acid, 135. 


29 aD, 


399 99 


99 >> 29 9° 


99 “Ned eM) de) 
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a-Phenyl- f(a’ 6’-dibromo-f’-phenylpropionyl)-ethylphosphinic acid, 135. 
», dibromophosphine and derivatives, 82. 
>». dichloro Ba Fe , 54, 55, 80-83, 86, 87, 103, 125, 183-135. 
ve - sulphophosphine and. derivatives, 83. 
», dicyanophosphine, 83. 
», diethylphosphine benzophenone azine, 158. 
ss fluorenone Be ial Vases 
oP adil dl- p- methylbutyl)- phosphine, 68. 
s FE a Ree ale an em chloride, 73. 
es o ethyl iodide and derivatives, 73. 
” ” methyl 29 oy) 29 oF) ’ 73. 
ia es -N-phosphine, 87. 
be a sulphide, 99. 

dat tngte ditetrahydroquinoline- methylphosphonium iodide, 73. 

5 pied », -N-phosphine, 87; oxide, 87. 

ty dithiocyanophosphine, 83. 
»,  di-p-tolylphosphine, 54. 
», ethylmonothiophosphinic acid, 104. 
», hydroxybenzylphosphinic acid, 125. 
29 ”» ethyl 29 Dy 125. 

a- ,, -a-,, -y-phenylpropylphosphinic acid, 137. 
», methylphosphinanilide, 125. 
= », phosphinic acid and salts, 124. 
is », phosphinyl chloride, 124. 
», -a-phenyl-f-cinnamoylethylphosphinic acid, 135. 
» 9» 9 -P(a’h’-dibromophenylpropionyl)-ethylphosphinic acid, 135. 
», phosphenbenzylhydrazone, 87. 
x es phenyl a , 86; dihydrazide, 86. 
2 a nvOlys , 86. 
», phosphine, 47, 80, 148. 
», phosphinic acid and derivatives, 107, 108. 


os ei anilide and derivatives, 87. 
_ ie diamide, 87. 

se is dianilide, 87. 

5 uA phenylhydrazide, 87. 


», phosphinous acid and derivatives, 82, 103. 

» phosphinoxide, 92. 

», phosphoneacetic acid and derivatives, 104. 

see eS 5 propionic acid, 104. 

», phosphonium iodide, 47. 

», phosphorus sulphide, 83. 

», pseudocumylchlorophosphine and derivatives, 91. 

Bi »» phosphinic acid, 125. 

9 p= -tolylchlorophosphine, 60, 69, 91; trichloride, 91. 

oe) 39) 099 methyl 99 ? 69, 70. 

pues. >» PhOosphinic acid, 125. 

»,  trianilidophosphonium chloride and derivatives, 88. 

», triphenylmethylphosphinic acid, 125. 

»»  », -p-tolylphosphorketobetaine and derivatives, 79. 

a- vinylphosphinic acid, 136. 
Phospheny! bromide and derivatives, 82. 
ys chloride ,, % , 80-82. 
Phosphenylic acid AS aa wLOT. 
Phosphinoacethydrazide, 153. 
ms acetic acid and salts, 153. 

Pseudocumylphosphinic dianilide, 88. 

- “ep ¥ diphenyl ester, 89. 

Pe ri ks! hydrazide, 88. 

e YP, phosphinous acid, 55, 106. 

is », phosphinoxide, 93. 

a »,  trianilidophosphonium chloride and derivatives, 89. 


Styryl-6-phosphinic acid and salts, 164. 


Tetra-tsoamylphosphonium iodide, 24. 
» benzyl ae », and derivatives, 64. ; 
Ob, pees ITT 20 


306 


ORGANOMETALLIC COMPOUNDS. 


Tetra-isobutylphosphonium iodide, 23. 
», chlorotetramethylphosphonium chloride, 30. 
» ethylphosphonium hydroxide and derivatives, 20-23, 25, 290. 
» hydroxytetramethylphosphonium chloride, 30. 
», methyldiaminobenzhydrylphosphinous acid, 162. 


59 », phosphonium hydroxide and derivatives, 4, 8, 19, 20. 
»» phenyldiphosphine, 50. 

* », phosphonium hydroxide and derivatives, 61, 62. 

re »5 phosphorketobetaine and derivatives, 78. 


», -2-propylphosphonium antimony] d-tartrate, 290 ; bromide, 23. 


», -~sopropylphosphonium iodide, 23. 
Thienyldichlorophosphine and derivatives, 160. 
», diethylmethylphosphonium iodide, 161. 
7? » phosphine, 161. 
»  phosphinic acid, 161. 
»,  phosphinous acid, 161. 
»,  triethylphosphonium iodide, 161. 
Tolylbenzylphosphinic acid, 125, 126. 
», cyclopentamethylenephosphine and derivatives, 148. 
,, dibromophosphine, 84. 


», dichlorophosphine and derivatives, 84. 

9 99> 99 9°? 9? , 84. 

99 , 84. 

nA dipiperidinebenzylphosphonium iodide, 73. 
yy, ze: isobutyl a se Este: 
oe) 99 ethyl 29 99 19 73. 
”? 2? methyl 29 998s 73. 
= Be -N-phosphine, 88. 

22 9 29 29 oxide, 95. 

- S sulphide, 95. 


» di-n- -propylphosphine, 66. 

», ditetrahydroquinoline-N-phosphine, 88. 

a as oxide, 88. 

os methyldiethylphosphorketobetaine and derivatives, 72, 
es », phosphinic acid, 125. 

», phosphine and derivatives, 48. 


», phosphinic acid and salts, 110. 

29 ” 29 99 5909 Il. 

29 29 2” Le) 112, 113. 

4 a anilide and derivatives. 88. 
‘S ar diamide, dianilide, 88. 

o ep diphenylhydrazide, 88. 

ae . di-p-toluidide, 88. 

e, phenyl ester, 88, 89. 

ne phosphinous acid and derivatives, 105. 
99 9 9 ” 29 , 105. 
29 29 29 29 29 ? 105. 
», phosphinoxide, 93. 

29 29 19-5 9 93. 


», trianilidophosphonium chloride and derivatives, 89. 
Tri-m-aminotriphenylphosphine oxide and derivatives, 94. 
», -soamylmethylphosphonium iodide, 28. 
9» -2- 5, phosphine, 14. 


eae . es , compound with carbon disulphide, 14. 
+) -180 29 2? > 14, 24. 

a 9 29 F) compound 29 9 2 ) i4: 
i oxide, 18. 


e benzoyloxytrimethylphosphine oxide, 31. ° 

,, benzylphosphine oxide and derivatives, 96. 

,, -biphenylphosphine, 53, 64. 

ws “3 ee oxide, 96; sulphide, 99. 

- pe phosphorbetaine, 78. 

,, -n-butyl-66-diphenylethylphosphonium hydroxide, 156. 
+ 99 95 ethylphosphonium iodide, 28. 

99 99 99 methyl 99 99 ? 28, 

$c ay Lae pHOSpHine, Le, 


[i 


SUBJECT INDEX. 
Tri-n-butylphosphine, addition products of, 14. 


99 “USO 4, ” ? 14, 29. 
fate fates a , addition products of, 14. 
Ba. In yy 5 oxide and derivatives, 18. 


»» 99 9, ~”-propylphosphonium hydroxide, 156. 
Trichlorophenoxyphosphine, 72. 
», -p-chlorophenoxymethylphosphonium iodide, 72. 

2:5:6- ,, chloro-m-tolylphosphinic acid, 111. 
» 9, trimethylphosphine, 31. 

HF oxide, 31. 

Triethylallylphosphonium iodide, 28. 
33 5p ~MINe-N- methylphosphonium iodide, 29. 
5 9, ~P-aminoethylphosphonium bromide, 25, 26; chloride, 26. 


» 9, wsoamylphosphonium chloride, 15, 28; iodide, 28. 

»> », anisylphosphonium iodide, 66. 

M5 DenZyL . chloride and derivatives, 66. 

» »» 7P-bromoethylphosphonium bromide and derivatives, 25-29. 

» 5, bromophenyl a iodide, 66. 

ete Sean aes ss chloride, 26. 

» 9», carboxy 3 Se 74k 

Or renc ee chloroethyl | »  » 24, 25, 27; hydroxide, 25. 

St yaa ene diethylaminoethylphosphonium chloride, bromide, Shae PAT 
) 29 OD ethyl 29 

ers hydroxyethylphosphonium chloride, hydroxide, iodide, 26. 

Bc eee ne eth ye Rs hydroxide, iodide, 27. 

some iodomethylphosphonium chloride, hydroxide, iodide, 27. 

Maou sae methylaminoethylphosphonium bromide, chloride, hydroxide, 26. 
»» 5, methylphosphonium chloride, 15; hydroxide, 25; iodide, 24, 

» 9», -Pp-phenylethylphosphonium hydroxide, 156. 


»» 595 Pphenylphosphonium iodide and derivatives, 66. 
» » phosphine, 9, 12, 13, 17, 23-25, 27-30, 99. 
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eae as , compound with carbon disulphide, 10. 

3 a benzophenone azine, 157. 

eee = fluorenone azine and derivatives, 157. 

Spe a methiodide, 10, 17. 

pears ~ oxide and derivatives, 16, 17, 27, 29, 66, 155. 

Lt en “a platinichloride, 11, 12. 

pt tases 3 , salts of, 13. 

ae Ar selenide, 17. 

ae a sulphide, 17. 

»» 3, -”-propylphosphonium chloride, 15, 27; hydroxide, iodide, picrate, 155. 

ss, 55, 20-tolyl a» iodide, 66. 

ens | VINE es acetate, 25; bromide, 25, 28; chloride, 26, 28; 
hydroxide, 26, 28. 

-m-xylyl RY iodide, 66. 
Trihydroxytrimethylphosphine oxide, 31; tribenzoate, 31. 
Tri-1-indolylphosphine, 162. 

99 -O- , 162. 
“sy mesitylphosphine, 53. 
», methylosoamylphosphonium chloride, 25; iodide, 24. 
3 » benzyl hydroxide, 156. 
. » -p- bromoethylphosphonium bromide, 24. 
,, (dl-6-methylbutyl)phosphine, 14. 
»» (y-methylbutyl) Pe , 14; see Tri-zsoamylphosphine. 
», methyl- carboxymethylphosphonium chloride, iodide, 24. 
Bs », ethylphosphonium chloride, 24; hydroxide, 155; iodide, 24. 
~ seeps -hydroxyethylphosphonium chloride, 24, 
», -2-methyl-1-indolylphosphine, 162. 
9 -3- 29 -2- 29 , 162. 
2:4:5- ,, methylphenylphosphinic acid, 117. 
», methylphenylphosphonium hydroxide, 156; iodide, 65. 
ae » phosphine, 8, 24, 25, 29, 99. 
‘ ‘ v , compound with carbon disulphide, 9. 
- a a , derivatives with alkylene bromides and thiocyanates, 9. 
=e ss £5 hydriodide, T. 


me = ee oxide and derivatives, 15. 
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Trimethylphosphine platinichloride, 9. 


99 


by) 


9? 


7 selenide, 16. 
Bes sulphide, 16. 
phosphorbenzobetaine and derivatives, 75. 
Pe tolu bik ORS 
BA carboxylic acid, 7 We 
-p- -tolylphosphonium iodide and derivatives, 65. 
-m-xylyl Be , 65. 


Trinitrodiphenylbenzylphosphine oxide, 91, 
», -p-nitrotribenzylphosphine oxide, 96. 

,, -m-nitrotriphenylphosphine oxide, 94. 
Triphenoxybenzylphosphonium chloride, 72. 


99 


99 


39 


methyl a iodide, 72. 
phosphine, 72. 


phenylacetonylphosphonium chloride, 78. 


99 


99 


39 


-180 


-N- 


99 


9? 


benzhydrylphosphonium hydroxide, 159. 
benzylphosphonium 7 166: 
diphenylmethylphosphonium bromide, 64. 
methoxyphosphorus dichloride, 149, 150, 151. 
methylchlorophosphinic acid, 152. 
», phosphinic acid and derivatives: 149-1 dl. 
5, phosphinous acid, 162. 
- phosphorketobetaine and derivatives, 78. 
phenacylphosphonium bromide, 78. 
phosphine and derivatives, 51-53, 61-63, 74, 75, 78, 79, 94, 95, 160. 
“5 benzophenone azine, 158. 
ae dihydroxide, 94. 
< dinitrate, 95. 
$ diphenylmethylene, 64, 159. 
a fluorenone azine, 158. 
5 glyoxyl ester azine, 158. 
i hydroxynitrate, 95. 
Me oxide and derivatives, 63, 94. 
us phenylimine, 159. 
3 selenide, 95. 
As sulphide, 95. 
5 -p-tolylimine, 159. 
-m-xylylimine, 159. 
phosphonium iodide, 53. 
phosphorbetaine and derivatives, 74, 75. 


¥ choline ,, lo. 
Tripiperidine- benzylphosphonium chloride, 74. 
isobutyl e iodide, 74. 
ethyl yy wets Sadek: 
methyl hydroxide and derivatives, 73. 
-n-propylamine-N- methylphosphonium iodide, 29. 
» 9 29. 
-N- ‘butylphosphonium hydroxide, 155. 
ethyl 3 , 155. 
methyl be iodide, 28. 
octyl AF hydroxide and derivatives, 156. 
phenyl 3 bromide, 66. 
phosphine, 13, 28. 
ne ES yeoe 
Bs , addition compound with carbon disulphide, 13. 


99 


- hydriodide, 13. 

xe mercurichloride, 13. 

oe oxide and derivatives, 17, 18. 
-p-tolylphosphonium bromide, 66. 


pseudocumenolmethylphosphonium iodide, 72. 


99 


cumylphosphine, 53. 
be oxide, sulphide, 97. 


tetrahydroquinolinemethylphosphonium iodide and derivatives, 73. 
-p-tolylmethylphosphorketobetaine and derivatives, 79. 
-m- ,, oxymethylphosphonium iodide, 72. 


99 9? 99 99 3 hae 
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Tritolyloxyphosphine, 72. 
», -p-tolylphenacylphosphonium chloride, 79. 
oh ae >> ©6PHOsphine, 53,125. 


29 999 ” oxide, 95. 

Ret ey * selenide, 95. 

D2 DD MD 9 sulphide, 95. 

»» »» »» Phosphorbetaine and derivatives, 76. 
Me », Pphosphorketobetaine and dorivatives, 79. 
sr “m- xylylphosphine, 53. 

fey et ap cs and derivatives, 53. 

99 ~M- 45 ” oxide, 96. 

hopes (hae ye, ee) 298 . 

a9 “M- 4, a sulphide, 96. 

2 “P- »» 9 29 ’ 97. 


o-Xylene triethylphosphonium hydroxide and derivatives, 13. 
», Xylyldichlorophosphine, 85. 


M- 55 99 ” oe) ? 57, 85, 116. 

jie eke Oe Pe and derivatives, 85. 
1:2:4- ee 2? 2? , 116. 
FeSsO-5 0 4a ns wih 6. 

M=. 5. phosphinic acid and salts, 116. 

jis », derivatives, 117. 

M- 5, phosphinous ‘acid, 105. 

p- 2” 29 99 9 106. 

Antimony. 


3-Acetamido-4-hydroxyphenylstibinic acid, 233. 
2- 55 », methoxy ,, ¥ Rarer 7 


99 99 -5- 99 99 99-9 oie 
4- AS phenylarsenoantimonious bromide, 248. 
» es ,,  di-iodostibine, 248. 


»,  stibinoarseno-4-phenylglycine, 247. 
” Acetophenone- 4-stibinic acid, 237. 
p- -Acetylaminophenyldichlorostibine hydrochloride, 212. 
4orp- ,, a »,  stibinic acid, 212, 229, 231, 247. 
(i We ¥ », stibinous chloride hydrochloride, 260. 


sph 9s » > $s thiobenzenesulphonic acid, 260. 
> % ” », salicylic acid, 260. 
4 or p- ie Ha stibinoxide, 193, 214, 246. 


Allylthiocarbamino-p- aminophenylstibinic acid, 231. 
3-Amino-4’-acetamido-4- hydroxyarsenostibinobenzene, 246. 
m- ,, benzenediazonium chloride-antimony chloride complex salt, 254. 
3- ,,  -4-chlorophenyldichlorostibine hydrochloride, 213, 241, 246. 


oe Aap ,,  stibinoxide, 213, 246. 
gar diphenylstibinic acid, 239. 
“Se »  -4’-stibinic acid, 237. 
hare »,  stibinoxide, 241. 
» »  74-hydroxyphenylarseno-4’-acetamidostibinobenzene hydrochloride, 248. 
Wt | is i es », antimonious acetate hydrochloride, 248. 
29 29 29 oe) ” oe) 9 chloride 29 ? 249. 
= ee een a x », stibinobenzene, 247, 248. 
Pe rats Hs Pe », dichlorostibine hydrochloride, 212. 
eae »,  stibinic acid, 233, 245. 
SOL M=: 5, phenyldichlorostibine, eles 239. 
5 _ 2 3s S hydrochloride, 210, 212-214, 216, 228, 244, 245, 254. 
p- 2? Le) 29 29 Le) ? 212. 
RNS »,  di-iodo »,  hydriodide, 212. 
yrs »,  Sstibinic acid and derivatives, 228. 
3.0L m= ,; ‘a Jo oa ree e , 220, 228, 229, 237: 
4orp- ,, . - a vs , 220, 227, 229-231, 250-252. 
es A - Ap oe azo dyes from, "O52. 
A= = pi chloride hydrochloride, 220. 
BS 2? ” 29 » 220. 


bem ee stibinous thiobenzenesulphonic acid, 260. 
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m-Aminophenylstibinous thiosalicylic acid hydrochloride, 260. 
Ds 29 7) 29 29 29 29 ? 260. 
M- 4, , stibinoxide, 193, 213, 237, 245. 
3- ,, -4-piperidinophenylstibinic acid, 235. 
Ammonium chlorophenyl chloroantimonate, 220. 
ee f-naphthyl sf A , 290. 
phenyl a fs , 219. 
- -Anisylstibinic acid, 236. 
Antimony cacodyl, 187. 
fs cyclopentamethylene chloride, 292. 
oe tri-2-thienyl, 291. 
3 Acces aie dibromide, 292. 
- os ten dichloride, 292. 
FP oxide, 292, 
4. Arsenophenylstibinous oxide, 249. 


Benzanilide-pp’-distibinous oxide, 293. ; 
p-Benzenediazonium chloride-antimony chloride complex salt, 254. 
»,  sulphonyl-p-aminophenylstibinic acid, 231. 
Benzophenone-pp-distibinic acid, 293. 
Bis-4-amino-3- ae ee ae 249. 
eS -4-hydroxy a ee , 249. 
a *; dimethylstibine trisulphide, 187. 
»» phenylazomethine-pp’-distibinous oxide, 293. 
», tri-n-butylstibinedichloroplatinum, 170. 
», trimethyl a », palladium, 170. 
FA » platinum, 170. 
spe eeet 2 “-xenylenestibine oxide, 259. 
4-Bromophenylstibinic acid, 227. 


Carbamide p-acetamidophenylstibinate, 232. 
.y p-hydroxy s spate 
p-w- sulphomethylaminophenylstibinic acid, 232. 
m- Carbamidophenylstibinic acid, 231. 
Carbethoxy-p- -aminophenylstibinic acid, 231, 237. 
aminodiphenyl-4’-stibinic acid, 237. 
p- ‘ phenylstibinic acid, 237. 
Carbobutoxy-p- aminophenylstibinic acid, 231. 
» wsobutoxy-p-aminophenylstibinic acid, 231. 
ine B-chloroethoxy-p-aminophenylstibinic acid, 231. 
s- ,, hydrazine-diphenylene-pp-distibinic acid, 293. 
» -y-chloropropoxy-p-aminophenylstibinic acid, 231. 


4- 


», methoxy Spikes s “2 » » sol, 
9? propoxy 99 29 99 29 a) 231. 
tsOpropoxy oy LO 


Carboxymethyleneoxyphenyl- 4. stibinic acid, 232. 
p- 5,  methylphenylstibinic acid, 237. 
Ye en »,  stibinobenzene, 244, 
p- ,,  phenyldi-iodostibine, 292. 
p-Chloro-m-amino-benzenediazonium chloride-antimony chloride complex salt, 253. 
4’. ,, -3’- ,, -4-hydroxyarsenostibinobenzene, 245, 246. 
» 9»,  -d: 8’-diamino-4-hydroxyarsenostibinobenzene, 246. 
4-  ,, -3-nitrophenylstibinic acid, 235. 
Se lw. tee A chloride hydrochloride, 235, 253. 
» -mM- phenylenestibinic acid, 241. 
4-  ,, phenylstibinic acid, 226, 227, 234. 
p- 55 a : chloride, 220. 
rs ae ap i oxychloride, 226. 


3 : 3’-Diacetamidostibinobenzene, 244. 
Di-p-acetylaminodiphenylbromostibine hydrobromide, 217. 
; POPES ps so 7 chloro. ,, hydrochloride, 216, 217. 
4: 4’-Diacetylamino »  stibinic acid, 240. 
” >» i “ Pe chloride, 241. 
y os 3 »,  stibinous hydroxide, 218. 
a = & »  stibinoxide, 210, 212, 240. 
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3 : 3’-Diamino-4 : 4’-dihydroxyarsenostibinobenzene, 246. 


99 


ae stibinobenzene, 245. 


m- Diaminodiphenylchlorostibine, 210. 
Di-m-aminodiphenylchlorostibine, 212. 


dihydrochloride, 216. 


Baines ones diy aa ae acid, 217, 221, 240. 


99 


St chloride hydrochloride, 221, 240. 


Di-m- aminodiphenylstibinous hydroxide, 217. 


99 


stibinoxide, 217, 240. 


3 : 3’-Diamino-4- hydroxyarsenostibinobenzene, 245. 
»  stibinobenzene, 243. 


ae 


os 
rage 
4; 
as 


2: 


4: 


vue 
Di- biphenylchlorost 


, 244. 
ibine, 218, 221. 


a Bet stibinic acid, 242. 


99 99 99 


chloride. yApa 


- stibinoxide, 218. 
Dichloro-4- acetamidophenylstibinic acid, 235. 


binic acid, 239. 
ee enionde. 239. 


-Dihydroxystibinoarsenobenzene, 247. 


5 - 
2’- 4,  diphenylsti 
a! 
3 


-Dimethoxydiphenyl 


ene-4 : 4’-distibinous oxide, 293. 


Dimethylbromostibine, 185, 187. 


ma) CRIOTO. —,,, 
eC VANO: <5, 


, 185. 
, 185. 


:3- »,  diphenylene-4 : 4’-distibinous oxide, 293. 


»,  lodostibine, 185, 187. 
»  stibine oxide, 187. 
3 a oxybromide, 185, 187. 


eye) 99 99 
9? 99 99 


99 99 


chloride, 185. 
cyanide, 186. 
iodide, 185. 


as stibinic bromide, 184, 185, 261. 
He » chloride, 184, 185. 
», iodide, 184. 
3: 3’- Dinitrodiphenylstibinic acid, 240. 
4-  ,, phenylstibinic acid, 236. 
Diphenylchlorostibine, 216, 217, 221. 


Diphenylene-pp-(pp- 


distibinotetraphenylene), 293. 


Diphenylethylstibine, 199. 


99 9> 99 


> 29 


dibromide, 210. 
dichloride, 210. 


4’- se methanedistibinic acid, 237. 
- » =pp- -distibinous oxide, 293. 
fe »  -ppp-tristibinous oxide, 293. 


Be methylstibine, 198. 


9? ao. be 


9? 2? 


eS stibinic acl 


dibromide, 209. 
dichloride, 209. 
id, 220, 238, 939, 240. 


a = chloride, 216, 220, 238, 239. 
Ms stibinous acetate, 218. 
Ss PP sulphide, 218. 


aN stibinoxide 


pelos 216, 21/7, 218. 


> = tolylmethylearbinol-ppp- tristibinic acid, 293. 
Di-p-tolylbromostibine, 218. 


93 »» ss Chioro -,, 
99 =O 9 ethyl 29 
99 ~M- 4, Le) 
29 =I Oe ” ”? 2”? 


Leh thd 29 iodo 99 


, 218. 
5 OU: 
woo; 
, 289. 
5 23, 


53 99. a9) ©Stibinic acid, 242. 
e chloride, FCA bp 
Dixenyl- o-chlorostibine, 259. 


ee 51000 os 


» 259. 


en », Stibinic chloride, 259. 


311 
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Ethyldi-n-amylstibine, 289. 

DD DES oe) butyl eS) 289. 

» », cyclohexylstibine, 289. 
Ethylenediaminophenylene-4 : 4’-distibinous oxide, 293. 
Ethyltri-n-propylstibonium chloroplatinate, 183. 

hydroxide, 183. 
iodide, 183. 


99 99 99 99 


99 99 99 99 


Hydrazobenzene-pp’-distibinous oxide, 293. 
1-Hydroxy-2-acetophenone-4-stibinic acid, 237. 
4- xa -3-aminoazobenzene-4’-stibinic acid, 252. 
azobenzene-4’-stibinic acid, 252. 


3- BY -1 : 4-benzisoxazine-6-stibinic acid, 255. 
4- ,, — -3-carboxyazobenzene-4’-stibinic acid, 252. 
5: ‘5 -2-chloroazo ys, as DOO. 


p-B- 3 ethylaminophenylstibinic acid, 231. 
4- - -3-methylazobenzene- 4’-stibinic acid, 252. 


2? ”? 2? nitroazo 29 29 DD) 252. 
: 55 phenylarsenostibinobenzene, 247. 
p- 4 ,, dichlorostibine, 260. 
a Va », di-iodostibine, 260. 
4. e phenylene-1l-arsinic acid-3-stibinic acid, 251. 
ty s phenylstibinearsine, 250. 
4(orp)- _,, », stibinic acid, 232, 247. 
p- aa », stibinous p-thiobenzenesulphonic acid, 260. 


> . 5 thiosalicylic acid, 260. 
p-y- a propylaminophenylstibinic acid, 931. 


3-Methoxy-6-acetamidophenylstibinic acid, 250. 
Methylcyclopentamethylene stibine, 292. 
»,  dibromostibine, 184. 
‘7 @dichloro:;.4,7- . LS4: 
»  di-iodo ioe ee 
Methylenediaminophenylene-4 : 4’-distibinous oxide, 293. 
»,  stibine sulphide, 185. 
»  stibinoxide, 184. 


dicarbonamino-diphenylene-pp-distibinic acid, 293. 


benzeneazo-4’-methoxyphenyl-2’-stibinic acid, 250. 


tri-n-amylstibonium chloroplatinate, hydroxide, iodide, sulphate, 183. 


it ase oouEr oe chloroplatinate, hydroxide, iodide, 183. 


iodide, 289. 


De, 


sulphate, tartrate, 182. 
tri-n-propylstibonium antimony] d-tartrate, 290. 


99 LAM, M: o> 99 


1; 4-Naphthylene-distibinic acid, 293. 
a- ee acid, 237, 244. 
9 29 993 289. 
os stibinoxide, 290. 
3. Nitro-4- -acetylaminophenylstibinic acid, 233, 234. 
Cin, ae SOHLOTO Ri a 99 giao, 2205 Zale coe 
Rie Fie an »,  stibine tetrachloride, 233. 
»,ethylamino _,,__stibinic acid, 235. 


»,methylamino ,, 55 i OO 
phenylene-1l-arsinic acid-4-stibinic acid, 251. 
2- ,, phenylstibinic acid, 220, 227. 


3-45 De PP jy 19 LO, heer. 2, 
4- 29 ”? om) ” 9 228, 244, 

O- 55 29 ” chloride, 220. 

M- 55 ”? Ryd Vs 


a yahaas - trimethylstibonium picrate, 184. 
3- ,, -4-piperidinophenylstibinic acid, 235. 


snrtsOus ae chloroplatinate, iodide, mercurichloride, 


,», ethylstibonium acetate, acid oxalate, butyrate, 


mercuri- 


carbonate, chloride, 
formate, hydrosulphide, hydroxide, iodide, nitrate, normal oxalate 


chloroplatinate, hydroxide, iodide, sulphate, 183. 


», hydroxy 2 MS ys 2h 2, cdg Loo, 240, 2403 


? 
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o-Oxybenzylidene-p-aminophenylstibinic acid, 231. 


mono acid, 236. 


onlotide: 236. 


99 


” Phenyl- 1-arsenoxide-4- stibinoxide, 249. 


99 


39 


99 


arsinicstibinic acid, 250. 
cyclopentamethylene stibine, 253. 
dichloride, 253. 
ye * MP uORIGe. Joos 

He tetra ae Pia tars 


99 99 99 29 


dichlorostibine, 198, 2/1, 213, 219, 248, 252, 253. 


diethyl ,, , 184, 198. 
se ” dibromide, 209. 

ie is dichloride, 209. 

ie di-iodide, 209. 

di- iodostibine, 211. 
dimethylethylstibonium iodide, 184. 
stibine, 183, 198, 209. 
cyanobromide, 292. 
dibromide, 209. 
dichloride, 209. 
di-iodide, 209. 


bye 


99 


99 99 


99 99 


99 


p- -Phenylenearsinicstibinic acid, 250. 
m-Phenylenedistibinic acid, 293. 


» » 293. 


N. fete le ciie aide. m-stibinic acid, 229. 


29 


99 


16 


be 


29 EDs oy 2 231. 

Be methylamide- m-stibinic acid, 229. 
methylcyanostibine, 292. 

»,  diethylstibonium iodide, 184. 
-m-phenylenestibinic acid, 241. 
stibinic acid, 213, 214, 219, 224-226, 243. 
chloride, 219. 

ox oxychloride, 225. 
stibinous sulphide, 213. 
thiobenzenesulphonic acid, 260. 

fe thiosalicylic acid, 260. 
stibinoxide, 192, 211, 213, 217, 239, 243, 247. 


99 


99 


-trimethylstibonium iodide, 183. 


Potassium 3-nitro-4-hydroxyphenylstibinate, 233. 


Wenotine 6 stibinic acid, 255. 


-6- ve Ce ees 256. 


eee , 256. 
ae ea chloride hydrochloride, 255. 
-6- 29 ee) 7) ? 256. 
-8- 99 2 29 5) 256. 


Stibinobenzene, 243. 


99 


naphthalene, 244. 


Stilbene-4 : 4’-distibinic acid, 293. 


eed 


» distibinous oxide, 293. 


Sodium 2-acetamidoazobenzene-5 : 4’-distibinate, 250. 


4-acetylaminophenylstibinate, 234, 250. 
benzylbenzoate-2-stibinate, 231. 


99 -3- 99 9 ole 
29 -4- 39 5 Peete 
Die ae oD. 


3-bromo-4- acetamidophenylstibinate, 236. 


», carbobenzyloxy-4-acetamidophenylstibinate, 293. 

», sobutyramidophenylstibinate, 293. 
, 293. 
» 236. 
, 236. 
230. 


om 99 


99 99 9? propion 99 Le 2? 
3: 5-dibromo », acetamido - = 
39 di- iodo 99 99 9? 99 


-3-iodo 
-p- -«-sulphomethylaminophenylst ibinate, 232. 
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Tetra-amyldistibine, 187. 
ms oxide, 187. 
3:37:5:57- Tetrachloro- 4:4’. dianisylstibinic chloride, 221. 
Bee », dimethoxydiphenylstibinic acid, 242. 
Tetraethylstibonium hydroxide and derivatives, 180, 181. 
», kistrimethylstibinepalladous chloride, 170. 


og asian a »,  platinous chloride, 170. 
Are os Ne e palladochloride, 170. 
» platinochloride, 170. 


% kis- O- xenylstibine oxide, 258. 
», methyldistibine, 187. 
ee », stibonium hydroxide and derivatives, 179, 180. 
i x iodide, 179, 187. 
‘5 phenyldistibine, ad Meee i eee 
», propylstibonium hydroxide and derivatives, 181, 182. 
1-p-Tolyleyclo-2 : 5-dithio-3 : 4-dimethylenestibine, 292. 
p-Tolyldichlorostibine, 214. 
» », Stibinic acid, 236. 
- oxychloride, 236. 
 Tri- -p-acetylaminotriphenylstibine, 193, 206, 216. 
crermesias 4 hydroxide, 206. 
9 -M- -aminotriphenylstibine, 189, 193, 206. 
By 2 oe) 99 “p- -tolyl 29 5 194, 
» -O- 4, 4, -m-Xylyl ,,_ , 189, 196, 208; tribenzoyl derivative, 196. 
», -n-amylstibine, 172, 187. 
etSO 5s Pe iran Wis 
Nee ee », dibromide, dichloride, oxide, 178. 
af sy Fe », oxide and derivatives, 178. 
» -n- ,, stibinic metantimonate, 178. 
“a A -anisylstibine, 195, 221; mercurichloride, 195. 
ioc eee aaa a dibromide, dichloride, di- iodide, 201. 
» dinitrate, oxide, 207. 
pales uae dichloride, 201. 
s dihydroxide, oxide, 207. 
Tri-4- biphenylstibine, 798, 214. 


ae rh dibromide, dichloride, di-iodide, 202. 
nf aS dihydroxide, sulphide, 209. 

a -6-bromotri-5-nitrotri- m-xylylstibine dibromide, 202. 

a yoo ae 53 2 OXIdSS 189, 208. 


als -n-butylstibine, 172. 
oe) -180 29 29 ) 172. 
Bere gia ake. », dibromide, dichloride, di-iodide, 177. 


9 -UsO 9 9 9 9 29 > 289. 
99 M44 RE OXIGO EL is 
99 “USO 5, ye 6) 289. 


N= tie 7 stibinic metantimonate, 177, 183. 
Tricamphorylstibine dichloride, 203. 
Triethylstibine, 170, 174-176, 181, 182. 

3 Gs di-iodide, 175, 189. 

Sf 13 0 ORIG, 7 4.476: 

» Salts, 175-177. 
Tri-n- hexylstibine, 172. 
», -m-iodotri-p-tolylstibine, 189, 194. 
99 -O- 55 4,-m-xylyl ,, , 189, 196. 
,, -dl-B-methylbutylstibine, 172. 


9 -B- 29 29 29 , 172. 

» -)- oe ee 

5 methylstibine, 168, 169, 170, 174, 179, 187. 

“F; * Sern compound with cyanogen iodide, 174. 

Me i e dibromide, 173, 185; dichloride, 168, 173, 185; di-iodide, 168. 
#3 , other salts derived from, 173, 174. 


yy naphthylstibine, 197. 

ag ne a dichloride, 202. 

a re oxide, 209. 

sy m- -nitrotriphenylstibine dihydroxide, 205. 
sa hint ates a » dinitrate, 192. 


SUBJECT INDEX. 315 


Tri-m-nitrotriphenylstibinic acid, 189, 193. 

» » 9» tri-p-tolylstibine dinitrate, 194, 207. 
99 599 99) 99892 2 oxide, 207. 

99 “D- og UL'I-™M- xylyl Oe need Wot RO LL o 

Cee sities Usp as. diacetate; oxide, 208. 


aa » dinitrate, 189, 196, 208. 
“a a -phenetylstibine dichloride, 201. 
Fe ,, dinitrate, 207. 


fe phenylphosphine- -mmm-tristibinic acid, 293. 

oe we Stinme, 189, 190-192, 200; :203— 205, 216, 217. 
Ray dg » dichloride, 191, 192, 200, 205. 

peer y. »  » derivatives from, 200-205. 


Re is “mmm tristibinic acid, 293. 

53 picryltri- 5-aminotri-m-xylylstibine, 197; potassium salt, 197. 

a “¥ dibromide, 202. 

e -n-propylstibine, 171, 177, 183. 

owe el 4 derivatives, 177. 

» » 9»  Stibinic metantimonate, 177. 

oe “e metathioantimonate, hz: 

“3 oe tolylstibine, 193; mercurichloride, 189, 194. 

» -m- y , 194; sof , 194. 

9 -p- os 194, 207, 214, 221, 242: mercurichloride, 194. 

») -O- re dibromide, dichloride, di-iodide, 200, 

99 ~M- 2”? 29 b) 201; ” ? 200; a, 201. 

»» -p- a se 201: es , 201, 218; ,, , 201; hydroxyiodide, 
E 201. 

99 -0- oxide, 206. 

3 -M- ~ ,, and derivatives, 206, 207. 

»» ~p- 29 29 29 ”? ? 207. 

», -m-xylylstibine, 195; mercurichloride, 196. 

9» ~P- 2 ? 197. 

+ -M- = dibromide, 202; dichloride, 201. 


aps gs dichloride, 202. 


Xenyl-o-dichlorostibine, 258, 259. 
Pe OO So 208. 
Xenylenechlorostibine, 258, 259. 
a iodo OSes 
di methyl ,, , 258. 


» ig dibromide, 258. 
ss -0- xenyldichlorostibine, 259. 
PAE ee et SeLDING, 209. 


Xenyl- o-stibine ammonium pentachloride, 258. 
ss typ ay.) vetrachloride,. 258. 
»  », Stibinic acid, 256, 258. 


Bismuth. 


4-Acetylaminophenylarsenobismuth bromide, 286. 
3-Amino-4-hydroxyphenylarsenobismuth chloride hydrochloride, 286. 
tsoAmyldibromobismuthine, 270. 


Bismuth tri-2-thienyl, 292. 
isoButyldibromobismuthine, 270. 


p-Chlorophenyldibromobismuthine, 276, 278. 


Di-isoamylbromobismuthine, 269. 


Pena DOVE: , 269. 

99 “p> -chlorophenylbromobismuthine, 276, 278. 
», 1odo fs 278. 

Diethylbromobismuthine, 269. 

Dimethyl ,, es » 269. 


chloro ___,, , 269. 
ae hydroxy ,, , 269. 
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Di-a-naphthylchlorobismuthine, 275, 278. 

Dinitrotriphenylbismuthine dichloride, 280. 
- dinitrate, 280. 

Diphenylbromobismuthine, 265, 277. 


Ps chloro a » 265,277. 
“% cyano ay ; ” 265, PA hohe 
iodo - p2005 ey 7 


-a-naphthylbismuthine, 275, 285. 
a = dibromide, dichloride, 285. 
thiocyano ~ 5 265, 277. 
Di- —p- .-tolylchlorobismuthine, 278. 


Ethylbismuthine dinitrate, 270. 

zi s oxide, 270. 
cyclopentamethylene bismuth, 285. 
dibromobismuthine, 285. 
», dichloro ss a tLe 
5 -10d0 oe , 270. 


Methylbismuthine oxide, 270. 

dibromobismuthine, 270. 
dichloro x , 269. 
»,  di-iodo F , 270. 


a-Naphthyldibromobismuthine, 275, 276. 


me 


99 


Phenyldibromobismuthine, 265, 276. 


p-Tolyldichlorobismuthine, 276. 
Tri-zsoamylbismuthine, 269. 


99 ~“N- 99 9 ? 291. 

»» -o-anisyl Ke 5 219, 200 

ce) Yor ” 9 p) 273. 

Sts nes vs dibromide, dichloride, 283. 
9 Hoe 9 , 283. 


-p- -bromophenylbismuthine, 272. 
-n-butylbismuthine, 291. 


ry) -180 99 sCOo, 270. 
9 -p- -carbomethoxytriphenylbismuthine, 283° 
», -o-carboxy " ce dichloride, 282. 


-p 29 995 29 ’ ? 283. 
,, chlorophenylbismuthine, 271, 276, 278. 
», cumylbismuthine, 274. 
dibromide, dichloride, 284. 
Triethylbismuthine, 268. 
oo sulphide, 268. 
Trimethyl . , 268, 269. 
Tri-a-naphthylbismuthine, 274, 275, 276, 284, 285. 
275 


99 


99 99 99 


dibromide, 267, 276, 284; dichloride, 267, 284. 
earth mercurichloride, O75. 
Eats carbomethoxytriphenylbismuthine dinitrate, 283. 

59 9) Carboxy % sil eooe 


se “p- -nitrotriphenylbismuthine, 272. 
dichloride, 272. 


99 ~a- oe) re) 


99 99 99 99 99 


Trinitro a x. ne , dinitrate, 280. 
»,  tri-o-tolyl a ¥, , 281 

», -2-nitrotri-p-tolyl eS marie 

Trinitrotri- ,, Ey: ‘dichloride, dinitrate, 283. 


Tri-p- phenetylbismuthine, 274. 

Triphenylbismuthine, 267, 271, 272, 275-277, 280, 281. 

carbonate, 279, 280; diacetate, sulphate, 280; dibenzoate, 
dicyanate, 281; dinitrate, 279. 

dibromide, 265, 267, 277, 279. 

dichloride, 265, 267, 277-279. 

difluoride, 267, 278. 

hydroxybromide, hydroxychloride, 267, 279. 
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Tri-n-propylbismuthine, 290. 
o-Tristyrylbismuthine, 285. 
Tri-a-thienylbismuthine, 275. 
,», -o-tolylbismuthine, 272, 281. 
9 “M- x, ” 2 273. 
» “P- 9» 9 ? 273, 276. 
dibromide, 281; dichloride, 281, 282; dinitrate, 281; 
mercurichloride, 272. 
99 -M- 4, = diacetate, dibromide, dichloride, 282. 
282; dichloride,. 282, 283%. di- 
nitrate, 282, 283; hydroxybromide, 
hydroxychloride, 282. 


Op OR ace ” 


9 EP: 99 9 e 9 > 


somexylyl ., , 274; mercurichloride, 274. 

»> -p- 5, bismuthine, 274. 

os bes 5 9 dibromide, dichloride, hydroxybromide, 284. 
-p- me , 284. 


‘Tris-3-amino-4-hydroxyphenylarsenodibismuth dihydrochloride, 286. 
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